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Abstract 
Adults with spinal cord injury (SCI) use mobile shower commodes (MSCs) to facilitate intimate 
hygiene, mobility, and neurogenic bowel management. This thesis explored the design, use, and 
usability of MSCs for this population. The primary original contribution of the thesis was the 
development and preliminary psychometric assessment of a questionnaire assessing MSC usability. 
A standardised development methodology, drawn from literature on health measurement scales, 
was used. Indicators of MSC usability were derived from a comprehensive review of the literature, 
and interviews with seven Australian adults with SCI and eight occupational therapists experienced 
in SCI rehabilitation. The questionnaire was drafted using consensus approaches. It subsequently 
demonstrated good to excellent content validity with a small panel of content experts. A preliminary 
psychometric evaluation of the questionnaire, named the electronic Mobile shower commode 
Assessment Tool (eMAST) 1.0, was undertaken with 32 Australian adults with SCI. The eMAST 
1.0’s 21 quantitative items demonstrated strong internal consistency, Cronbach’s alpha = 0.73 (N = 
32); acceptable test–retest reliability for all items, ICC (3,1) = 0.75 [0.53 – 0.88, 95% confidence 
interval] (n = 27); and strong, positive correlations with two established instruments. Usability of 
MSCs was then described through a retrospective analysis of these data. Overall, the majority of 
participants rated MSC usability as high to very high across the eMAST 1.0’s two subscales. 
However, over 20% of participants rated usability as very low to low for portability, stability, seat 
cushioning, and lower leg supports. Analysis of item-level indicators and qualitative comments 
highlighted specific areas of reduced usability, and identified MSC stability, maintenance and 
durability, and seating as areas requiring urgent research attention. Findings suggested that by 
capturing user-identified criteria, the eMAST 1.0 could facilitate comparison and discrimination 
between MSC designs during refinement and selection. Indicators could also be tracked, allowing 
item-level usability changes to be detected over time. These findings require validation with larger 
samples of adults with SCI. Studies involving attendant caregivers, and stakeholders involved in 
MSC development and service delivery, are also needed. Such approaches could inform further 
development of the eMAST 1.0, and in turn impact the design, performance, and usability of MSCs 
in this important area of SCI management.  
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Chapter 1: Introduction 
This thesis examines the key issues that affect the design, use, and usability of mobile 
shower commodes (MSCs) for adults with spinal cord injury (SCI). In particular, it identifies the 
need to capture the experiences and needs of MSCs users, and to incorporate these into MSC design 
and service delivery processes for this population. To this end, the primary original outcome of the 
thesis is the development and preliminary psychometric evaluation of a new questionnaire designed 
to assess MSC usability for adults with SCI. This chapter provides an introduction to the thesis, 
including the background (1.1); the thesis aims, research questions, and experimental hypotheses 
(1.2); research contributions (1.3); and delimitations (1.4). It then provides an overview of 
remaining chapters of the thesis (1.5) and a statement on ethical review (1.6). 
1.1 BACKGROUND 
Across Australia, between 300 and 400 adults over the age of 15 years acquire SCIs through 
traumatic or non-traumatic causes each year (Norton, 2010). SCIs are recognised as a devastating 
and life-changing event for an individual, that can result in chronic and complex multi-system 
impairments (Middleton, et al., 2008). An important focus of SCI rehabilitation and longer-term 
management is the development of individualised routines for showering, intimate hygiene, and 
managing neurogenic bowels (Coggrave, Norton, & Wilson-Barnett, 2009; Coggrave, Wiesel, & 
Norton, 2006; Krassioukov, Eng, Claxton, Sakakibara, & Shum, 2010). For many adults with SCI, 
particularly at the cervical and thoracic levels, these activities usually require use of Assistive 
Technologies (ATs) (Biering-Sørensen, Hansen, & Biering-Sørensen, 2009; Ford, Keay, & Skipper, 
2014; Gooch, 2003). According to the World Health Organization (2016), ATs are any assistive 
products, devices, and related systems and services, developed for people to maintain or improve 
functioning. Mobile shower commodes (MSCs) are one such AT device commonly used for this 
purpose (Biering-Sørensen, Hansen, & Biering-Sørensen, 2009; Ford, Keay, & Skipper, 2014; 
Gooch, 2003). Generally, MSCs consist of a waterproof chair, on wheels and/or castors, with a seat 
enabling positioning and use over conventional toilets (Ford et al., 2014; Spinal Outreach Team, 
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2013). In Australia, MSCs are also considered Class 1 medical devices, and are regulated by the 
Therapeutic Goods Administration (TGA) (Walker & Friesen, 2015).  
Dissatisfaction with MSCs, and concerns about their safety during use, are reported across 
the literature (Biering-Sørensen et al., 2009; Harvey et al., 2012; Nelson, Malassigné, Amerson, 
Saltzstein, & Binard, 1993). Activities such as transferring between a bed or wheelchair and the 
MSC, and leaning or reaching to access showering supplies or to undertake digital stool removal 
and intimate hygiene, are associated with an increased risk of falls (Malassigné, Nelson, Amerson, 
Salzstein, & Binard, 1993; Zejdlik, 1992). Pressure injuries and skin breakdowns are also associated 
with MSC use (Coggrave et al., 2006; Cox, Amsters, & Pershouse, 2001; Ford et al., 2014; Spinal 
Outreach Team, 2013; Zejdlik, 1992). Despite these known concerns, few studies have investigated 
the design, use, and usability of MSCs for this population (Malassigné, Nelson, Amerson, Salzstein, 
et al., 1993; Nelson et al., 1993; Nelson, Malassigné, Cors, & Amerson, 2000). A recent systematic 
review of neurogenic bowel management strategies for adults with SCI reported no studies on 
MSCs, despite reviewing AT devices for this purpose (Krassioukov et al., 2010). It appears little is 
known about how MSC designs are individualised, trialled, and specified during MSC service 
delivery. The present thesis aims to address these gaps in the literature.  
1.2 THESIS AIMS 
The overall purpose of this thesis is to examine key issues affecting the design, use, and 
usability of MSCs for adults with SCI. In particular, it identifies the need to capture end-user 
experiences and to factor these into design processes during formative product development; 
summative product development; refinement, trialling, and specification during service delivery; 
and after short– or long–term use. Specifically, the research aims of the thesis are to: 
 
A1. Appraise the overall quality of evidence concerning MSCs used by adults with SCI, and 
assess the available evidence in the areas of clinical assessment, design, and 
performance testing, through an exploratory literature review; 
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A2. Explore the use of MSCs, the MSC features that facilitate or hinder performance, and 
the decision-making processes used during MSC provision, through a qualitative 
interview study; 
A3. Utilise results of the exploratory literature review and qualitative interview study to 
develop a new questionnaire for testing MSC usability, using a standardised 
methodology for development of health measurement and test scales;  
A4. Assess the new questionnaire's psychometric properties of content validity, internal 
consistency, test–retest reliability, and convergent validity, with a sample of adults with 
SCI; and 
A5. Describe the usability of current MSCs in an existing population of adults with SCI, as 
measured by the new questionnaire. 
 
The thesis uses both qualitative and quantitative approaches to achieve these aims. For the 
experimental aims of this thesis, the following hypotheses are tested:  
 
H1. The questionnaire will demonstrate good content validity with a small sample of 
experts; 
H2. The questionnaire will demonstrate strong internal consistency, determined by 
measuring a Cronbach’s alpha ≥ .70, among the items (Portney & Watkins, 2009); 
H3. The questionnaire will demonstrate acceptable test–retest reliability, determined by an 
Intra Class Coefficient (Model 3, 1), ICC (3,1) of ≥ .70 for the overall scale (Portney & 
Watkins, 2009); and  
H4. The questionnaire will demonstrate good to excellent convergent validity with items 
from two established instruments from the AT and usability literature, demonstrated by 
Pearson’s correlation coefficients, r ≥ .70 (Portney & Watkins, 2009).  
 4 
1.3 RESEARCH CONTRIBUTIONS 
This thesis has resulted in original research contributions around the design, use, and 
usability of MSCs for adults with SCI. These research contributions, and resulting publications, are 
detailed in this section. 
1.3.1 Research contribution 1 
The primary original research contribution of the thesis is the development of a valid, 
reliable, and clinically relevant self-report questionnaire to test usability of MSCs used by adults 
with SCI. The questionnaire’s content reflects user-reported criteria obtained through interviews 
with key informants and a review of the literature, as recommended by experts in AT design and 
service delivery. The questionnaire is designed to measure usability of MSCs after short– or long–
term use. It may also be used to discriminate between prototypes during MSC design and service 
delivery. This research contribution, presented in Chapters 6 and 7, addresses Research Aims A3 
and A4. It has resulted in two publications: 
 
Friesen, E. L., Theodoros, D. and Russell, T. G. (2015). Development, construction, and content 
validation of a questionnaire to test mobile shower commode usability. Topics in Spinal 
Cord Injury Rehabilitation, 21(1), 77–86. doi:10.1310/sci2101-77 
 
Friesen, E. L., Theodoros, D. and Russell, T. G. (2016). An instrument to measure mobile shower 
commode usability: the eMAST 1.0. Journal of Assistive Technologies, 10(3). 
doi:10.1108/JAT-12-2015-0037  
 
The questionnaire was subsequently used to describe the usability of MSCs in a population 
of adults with SCI. This study is the first to measure the usability of MSCs using the eMAST 1.0. It 
is also the first to provide a comprehensive overview of MSC usability in an Australian population 
of adults with SCI. This research contribution, presented in Chapter 8, addresses Research Aim A5. 
It has also been accepted for publication:  
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Friesen, E.L., Theodoros, D., & Russell, T. (in press). Usability of mobile shower commodes for 
adults with spinal cord injury. British Journal of Occupational Therapy. 
 
1.3.2 Research contribution 2 
The new questionnaire reported in this thesis was developed using a standardised 
methodology, drawn from literature on health measurement and test scales (Crocker & Algina, 
1986; Portney & Watkins, 2009). This methodology, presented in Chapter 5, addresses the reported 
lack of documented approaches for questionnaire development in usability research (Bridgelal Ram, 
Grocott, & Weir, 2008). It therefore has relevance for human factors and AT researchers seeking to 
develop similar usability testing instruments for AT and medical devices (Berg Rice, 2008; 
Magnier, Thomann, Villeneuve, & Zwolinski, 2012). This research contribution addresses Research 
Aim A3, and has resulted in the following publication: 
 
Friesen, E. L., Russell, T. G., & Theodoros, D. (2015). Testing usability of mobile shower 
commodes for adults with spinal cord injury: research method and overview. Studies in 
Health Technology and Informatics, 217, 98–105. doi:10.3233/978-1-61499-566-1-98. 
 
1.3.3 Research contribution 3 
In Chapter 3, the overall quality of research evidence concerning MSCs used by adults with 
SCI, across the areas of clinical assessment, design, and performance testing, is appraised. This is 
the first such published appraisal, and has identified a number of common clinical assessment 
components, design features, and approaches to performance testing for MSCs. This appraisal 
addresses Research Aim A1 of the thesis, and has resulted in the following publication: 
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Friesen, E. L, Theodoros, D., & Russell, T. G. (2013). Clinical assessment, design and performance 
testing of mobile shower commodes for adults with spinal cord injury: an exploratory 
review. Disability and Rehabilitation: Assistive Technology, 8(4), 267–274. 
doi:10.3109/17483107.2012.704656 
 
As a result of this publication and its underpinning analysis, the candidate was invited to 
provide a written submission on terminology to the International Organization for Standardization 
Technical Group 173 / Sub Committee 2 (ISO/TC 173/SC2), for its revision of ISO 9999:2011 
Assistive products for persons with disability – classification and terminology. A revised version of 
this submission was subsequently published as an editorial in a peer-reviewed journal to inform 
further research in this important area of SCI rehabilitation:  
 
Friesen, E. L., Theodoros, D. and Russell, T. G. (2016). Assistive technology devices for toileting 
and showering used in SCI rehabilitation—a comment on terminology (Editorial). Disability 
and Rehabilitation: Assistive Technology, 11(1), 1–2. doi:10.3109/17483107.2014.984779 
 
1.3.4 Research contribution 4 
This thesis is the first to use qualitative methods to explore the use, usability, and service 
delivery of MSCs in Australian settings. The qualitative interviews with Australian adults with SCI 
and clinicians with expertise in SCI rehabilitation, reported in Chapter 4, raise questions about the 
validity of AT service delivery models described in the literature. The analysis confirmed four 
activities associated with MSC use previously identified in the literature: transferring, propelling & 
manoeuvring; showering or cleaning the body; and bowel management. It also identified five 
additional activities that had not been previously reported: (un)dressing/drying; (re)positioning; 
MSC cleaning, inspection and maintenance; preparing for travel; and other activities. Further, the 
analysis found that activities could be grouped into three distinct routines: a usual routine, routines 
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for planned travel, and temporary or transitional routines. This research contribution addresses 
Research Aim A4, and has resulted in the following publication:  
 
Friesen, E. L, Theodoros, D., & Russell, T. G. (2015). Use, performance and features of mobile 
shower commodes: perspectives of adults with SCI and expert clinicians. Disability and 
Rehabilitation: Assistive Technology, 10(1), 38–45. doi:10.3109/17483107.2013.832413 
 
1.3.5 Research contribution 5 
The thesis adds to the emerging body of knowledge on usability as it relates to AT devices. 
Specifically, the thesis builds on recent work to apply the definition of usability from ISO 9249–
11:1998 (International Organization for Standardization, 1998) to AT usability research, and to 
create AT device-specific instruments based on this definition. The thesis also uses the Policy, 
Human, Activity, Assistance and Technology, and Environment (PHAATE) model (Cooper, 2007) to 
gain a heuristic understanding of MSC use and usability, and to identify the constituting elements of 
MSC usability. Previously, Arthanat and colleagues (Arthanat, Bauer, Lenker, Nochajski, & Wu, 
2007) operationalised AT usability to the definition from ISO 9249–11:1998, and used the Human, 
Activity, and Assistive Technology (HAAT) model (Cook & Hussey, 1995) to explore its constituting 
elements and interactions. Cooper’s PHAATE model (2007) describes factors associated with AT 
device design and AT service delivery systems, and forms a conceptual basis for participatory 
action design (PAD) (Cooper, 2007; Ding, Cooper, & Pearlman, 2007). The PHAATE model has 
not been used previously as a theoretical framework for exploring MSC usability. This research 
contribution is documented as part of Chapters 2, 4, and 5 of the thesis, and is incorporated in two 
publications:  
 
Friesen, E. L, Theodoros, D., & Russell, T. G. (2015). Use, performance and features of mobile 
shower commodes: perspectives of adults with SCI and expert clinicians. Disability and 
Rehabilitation: Assistive Technology, 10(1), 38–45. doi:10.3109/17483107.2013.832413 
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Friesen, E. L., Russell, T. G., & Theodoros, D. (2015). Testing usability of mobile shower 
commodes for adults with spinal cord injury: research method and overview. Studies in 
Health Technology and Informatics, 217, 98–105. doi:10.3233/978-1-61499-566-1-98. 
 
1.4 DELIMITATIONS 
During the candidate’s period of doctoral studies (2009–2016), funding for all disability 
supports provided by Australia’s state and federal governments, including AT, underwent “massive 
change” (Friesen, Walker, et al., 2015) (p. 236). These changes were the result of a major, multi-
year inquiry into disability support funding by Australia’s Productivity Commission (2011), and 
subsequent passing of legislation enacting a National Disability Insurance Scheme (NDIS) (The 
Hon Jenny Macklin MP & Senator Jan Lucas, March 21, 2013). Consultation on AT provision 
within the NDIS began in 2013, and generated significant response from stakeholder groups 
including those representing AT practitioners (Layton, Steel, Friesen, & Phuah, 2015; Walker & 
Friesen, 2015). The official NDIS AT strategy was released in October 2015 (NDIS Launch 
Transition Agency (National Disability Insurance Agency), 2015). The full impact of NDIS policies 
on AT funding and service delivery, and long-term management of SCI, are still largely unknown 
(Callaway, Barclay, McDonald, Farnworth, & Casey, 2015). NDIS policies and funding 
arrangements, as they relate to adults with SCI and AT service delivery, are therefore not directly 
addressed as part of this thesis.  
1.5 THESIS OVERVIEW 
This thesis explores the use and usability of MSCs used by adults with SCI. It culminates in 
the development and preliminary psychometric evaluation of a new self-report questionnaire 
designed to test MSC usability for this population.  
This chapter (Chapter 1) provides an introduction to the thesis. Section 1.1 provides the 
background and context to the study. Section 1.2 outlines the research aims of the thesis, and the 
 9 
experimental hypotheses to be tested. Section 1.3 describes the original research contributions of 
the thesis. The delimitations of the study are described in Section 1.4. Section 1.5 (this section) 
provides an overview of the remaining chapters of the thesis. Finally, Section 1.6 outlines the 
ethical oversight and approvals for the research. 
Chapter 2 provides an overview of usability as it relates to AT devices. It begins by 
describing the definition of usability developed by the International Organization for 
Standardization, and how this has been mapped to AT usability. It then reviews theoretical 
frameworks of AT used to develop heuristic understandings of AT usability. Finally, the chapter 
outlines two key considerations in AT usability research: usability testing in AT design and service 
delivery, and the development of generic versus AT device-specific questionnaires. 
Chapter 3 presents an exploratory literature review on MSCs used by adults with SCI. The 
review appraises the quality of literature available on the topic, and assesses the evidence across the 
areas of clinical assessment, design, and performance testing. This comprehensive examination of 
the literature provides a basis for research efforts exploring usability as it relates to MSCs for adults 
with SCI.  
In Chapter 4, the use of MSCs by adults with SCI, and experiences of MSC design and 
service delivery in the Australian context, are explored through a qualitative interview study. The 
study explores perspectives of both Australian adults with SCI who use MSCs, and clinicians with 
expertise in SCI rehabilitation who are involved in service delivery processes. Examining clinical 
practice and theory is important for understanding MSC use and usability, and how and when 
usability is assessed, in the Australian context.  
Chapter 5 describes a five-stage methodology for developing a new questionnaire to test 
MSC usability. The methodology is drawn from literature on health measurement and test scales, 
and recommendations from AT researchers on evaluating outcomes of AT interventions. The 
methodology addresses the lack of documented approaches to questionnaire development in 
usability research. The first two stages of the methodology (establishing the research objectives for 
the questionnaire and reviewing existing instruments) are also reported in this chapter.   
Chapter 6 reports on the development, construction, and content validation of the new 
questionnaire. This work draws from findings presented in Chapters 3 and 4, and the methodology 
presented in Chapter 5.  
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Chapter 7 reports on the preliminary psychometric evaluation of the questionnaire, with a 
sample of adults with SCI. Specifically, the questionnaire’s internal consistency, test–retest 
reliability, and convergent validity with two existing instruments from the AT and usability 
literature are assessed.  
Chapter 8 explores the usability of MSCs, for Australian adults with SCI, as measured by 
the new questionnaire. 
Chapter 9 provides an overall summary and conclusion to the thesis. It describes the 
findings and implications of the thesis for the study of MSCs used by adults with SCI. It also 
discusses the limitations of the thesis, and makes recommendations for future research. 
All references cited in this thesis, including those in published papers, manuscripts accepted 
for publication, and manuscripts currently under review, are presented as a single list at the 
conclusion of the thesis. This is to ensure consistency through the thesis and to avoid repetition. 
Where necessary, spelling in all published papers has been changed to Australian English, to reflect 
the geographical location of the candidate during doctoral studies.  
1.6 ETHICS 
Prior to the commencement of the research, the full study protocol was approved by The 
University of Queensland Medical Research Ethics Committee. A copy of the approval certificate is 
provided in Appendix A. Additional study-specific documents, including Participant Information 
Sheets and Participant Consent Forms, are mentioned in the chapters to which they relate. Copies 
of relevant documents are included in the appendices. 
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Chapter 2: Usability in AT research 
In recent years, the concept of usability has emerged as an important focus for research on 
AT devices (Arthanat et al., 2007; Berg Rice, 2008; Bridgelal Ram et al., 2008; Cooper, 2007; 
Lenker, Scherer, Fuhrer, Jutai, & DeRuyter, 2005; Wessels, Willems, & De Witte, 1996). Usability 
has its origins in the fields of ergonomics, human factors engineering, and user-centred product 
design (Berg Rice, 2008; Choi & Sprigle, 2011; Magnier et al., 2012). Usability describes 
interactions between a user, the device or product, and the environment during the performance of 
tasks or activities. Usability is considered a distinct discipline in ergonomics and human factors 
research (Arthanat et al., 2007; Berg Rice, 2008; Lenker et al., 2005). For AT devices, usability 
may be influenced by factors including the features of the product or device itself, its compatibility 
with other AT, environments of use, and the needs of users and caregivers during activities 
(Arthanat et al., 2007). In some jurisdictions, AT devices are also considered Class 1 medical 
devices (Berg Rice, 2008; Borisoff, 2010; Hobson, Cooper, & Ferguson-Pell, 2007; Walker & 
Friesen, 2015). As such, their development may be influenced by a need to address medical device 
registration requirements (Berg Rice, 2008; Borisoff, 2010; Cooper, 2007; Hobson et al., 2007) and 
policy restrictions by AT funding organisations (Borisoff, 2010; Hobson et al., 2007; Walker & 
Friesen, 2015). 
2.1 DEFINING USABILITY 
Both Lenker et al. (2005) and Arthanat et al. (2007), describe a need to establish a consistent 
set of definitions and domains associated with AT usability. Many variables associated with AT 
usability have been identified in the literature (Arthanat et al., 2007; Lenker et al., 2005). For 
example, Lenker and colleagues (2005) systematically reviewed 82 AT outcomes studies, and 
identified 144 separate variables associated with AT device use and usability. This included 24 
variables associated with satisfaction, a concept which is prominent in the AT device outcomes 
literature (Lenker et al., 2005). The review also identified Batavia and Hammer’s (1990) set of 17 
user-oriented criteria, and a refined set of 11 criteria defined by Wessels and colleagues (Wessels, 
De Witte, & Van den Heuvel, 2004). In recent years, AT researchers have sought to map AT 
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usability to established definitions from the human factors and ergonomics field. One promising 
definition of interest comes from the International Organization for Standardization (ISO). In 1998, 
ISO published ISO 9241–11:1998: Ergonomic requirements for office work with visual display 
terminals (VDTs)—Part 11: Guidance on usability. Included in this standard was the following 
definition of usability: 
 
the extent to which a product can be used by specified users to achieve specified goals 
with effectiveness, efficiency, and satisfaction, in a specified context of use. 
(International Organization for Standardization, 1998) (definition 3.1) 
 
Arthanat and colleagues (2007) operationalised this by mapping AT usability to this ISO 
definition. They argued that AT effectiveness is the quantity of functioning, that is, the user’s 
participation in a wide range of contexts, and the consistency with which the user is able to perform 
specific activities (2007). AT efficiency is the quality of functioning, as measured by the ease, 
comfort, speed, accuracy and effort with which a user accomplishes an activity with the AT device 
(2007). Satisfaction with the AT device is derived on the basis of the effectiveness and efficiency of 
participation in activities (2007). Together, AT efficiency and AT effectiveness influence the user’s 
improvement in functioning as a result of using the AT device. From an individual’s standpoint, 
usability is a function of both the characteristics, functions and features of the device, and use of the 
device in terms of the user’s activity needs, abilities, skills, expectations and contexts of use 
(Arthanat et al., 2007).  
2.2 THEORETICAL FRAMEWORKS USED IN AT USABILITY RESEARCH 
With AT usability operationalised to the definition of usability in ISO 9249–11:1998 
(International Organization for Standardization, 1998), research efforts have focused on mapping 
existing theoretical frameworks of AT device design and service delivery to usability. As Arthanat 
and colleagues (2007) note, theoretical frameworks of AT device design and service delivery are 
needed to identify the constituting elements of AT usability, and allow a heuristic understanding of 
the interaction of these elements. To date, two theoretical models prominent in the AT literature 
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have been used for this purpose: Scherer’s (2000) Matching Person with Technology (MPT) model, 
and Cook and Hussey’s (1995) Human, Activity and Assistive Technology (HAAT) model. Both 
models incorporate factors of the user, the AT device and the environment in performing activities 
as constituting elements of AT usability (Arthanat et al., 2007). A third model, the Policy, Human, 
Activity, Assistance and Technology, and Environment (PHAATE) model (Cooper, 2007), has 
recently been proposed to explain AT design, AT service delivery, and AT use in practice (Cooper, 
2007, 2009; Ding et al., 2007). 
2.2.1 Matching Person with Technology model 
The MPT model was developed by Scherer and colleagues (Scherer & Craddock, 2002; 
Scherer & Cushman, 2000). It emerged from a grounded theory study of psychosocial factors 
associated with AT device utilisation. The model describes interaction between the Milieu 
(environment), the Person (user), and the Technology (AT device) (Scherer & Cushman, 2000). The 
MPT is designed to evaluate the match between the user and an AT device in their current 
circumstances, by focusing on a person’s personality, temperament and preferences, the salient 
characteristics of the AT, and the expectations, support and opportunities available (Scherer & 
Craddock, 2002; Scherer & Cushman, 2000). The MPT has been operationalised using the Assistive 
Technology Device Predisposition Assessment (Lenker & Paquet, 2003; Scherer & Craddock, 
2002), along with six additional assessment instruments (Scherer & Craddock, 2002).  
2.2.2 Human, Activity, Assistive Technology model 
The HAAT model, developed by Cook and Hussey (1995), is a widely-recognised model in 
AT research (Friederich, Bernd, & De Witte, 2010). The HAAT model is based on Bailey’s (1996) 
model of Human Performance. It is considered a holistic and consumer-oriented model that 
emphasises the uniqueness of every AT system (Lenker & Paquet, 2003). The HAAT model 
describes four constituting elements of the AT device system: the Human (user), the Activity, and 
the AT device. All are considered within a defined context of use. The human in the model is the 
user of the AT and operator of the AT system. The human brings experience, skills and abilities 
across three domains: physical, cognitive, and affective. The activity occurs in three domains: self-
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care, productivity, and leisure. The human, or user of the AT, determines the meaning of each 
activity in terms of its characterisation as either self-care, productivity, or leisure. The context of 
use, also known as environment, includes physical conditions as well as social and cultural contexts 
(Lenker & Paquet, 2003). According to Cook & Hussey (1995), the AT device has a human-
technology interface, a processor (for example the mechanical linkages between the wheels and 
push rims on a wheelchair) and an activity output. In the HAAT model, AT is an intrinsic enabler 
that provides performance possibilities for people with disabilities. The HAAT model also stresses 
the importance of evaluation in the process of selecting AT for activities. 
2.2.3 Person, Human, Activity, Assistance and Technology, and Environment model 
A third model of AT design and service delivery is the PHAATE model, developed at the 
University of Pittsburgh (Cooper, 2007). Like the HAAT model, the PHAATE model includes the 
Human, Activity, and Environment in which the activity occurs. However, the PHAATE makes 
explicit mention of two additional factors which are emerging as critical for successful AT device 
design, service delivery, and outcomes of AT provision as it relates to SCI: Policy and Assistance.  
Policy can significantly impact funding and reimbursement for AT devices and AT services, 
including services for AT service, funding, and ongoing maintenance (Biering-Sørensen et al., 
2009; Cooper, 2007, 2009; Friesen, Walker, et al., 2015; Harvey et al., 2012; Layton et al., 2015; 
Walker & Friesen, 2015). This is particularly evident in the Australian context where the National 
Disability Insurance Scheme (NDIS) is currently being developed and trialled (Friesen, Walker, et 
al., 2015; Layton et al., 2015; Walker & Friesen, 2015). Policies requiring AT devices to comply 
with national and international standards may also affect availability of AT (Berg Rice, 2008; 
Cooper, 2007; Hobson et al., 2007; Walker & Friesen, 2015).  
Although the authors of both the HAAT and MPT models describe the interaction of 
Assistance and (assistive) Technology as part of their models, the PHAATE model explicitly 
recognises this fact (Cooper, 2007, 2009). The model therefore ensure caregivers are considered as 
users who need to be involved in the design, specification, and service delivery processes. This is 
consistent with more recent evidence suggesting the impact of AT on caregivers requires 
consideration (Demers et al., 2009; Mortenson et al., 2012). Indeed, Cooper (Cooper, 2007, 2009) 
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argues that the PHAATE model is inextricably linked to participatory action design (PAD), which 
focuses on the needs of all users of the AT device. For these reasons, the PHAATE model appears 
promising as a theoretical framework for exploring AT usability. 
2.3 ASSESSING USABILITY  
Assessing usability of AT devices, including those also designated as medical devices, 
generally involves two basic approaches: usability inspection by non-users of the product or device, 
and usability testing by users of the device (Berg Rice, 2008). Usability inspections are conducted 
by experts in AT design and use, such as clinicians, rehabilitation engineers, AT designers, AT 
suppliers and manufacturers, and representatives of funding organisations (Berg Rice, 2008; 
Cooper, 2007). Usability testing focus on users of AT devices. Users can include people with 
disability or impairments, and paid or unpaid caregivers (Berg Rice, 2008; Bridgelal Ram et al., 
2008; Cooper, 2007; Magnier et al., 2012).   
Usability can be tested through a range of methods. These can include observing users 
interacting with the AT device, conducting interviews and focus groups, and administering surveys 
and questionnaires (Berg Rice, 2008; Bridgelal Ram et al., 2008; Choi & Sprigle, 2011; Magnier et 
al., 2012; Martin, Martin, Stumbo, & Morrill, 2011). These methods gain feedback from the point 
of view of the user (Berg Rice, 2008; Bridgelal Ram et al., 2008; Choi & Sprigle, 2011; Magnier et 
al., 2012; Martin et al., 2011). Of these, self-report questionnaires appear the most common in AT 
design and development (Berg Rice, 2008; Choi & Sprigle, 2011; Magnier et al., 2012; Martin et 
al., 2011) and in assessing outcomes of AT interventions (Lenker et al., 2005). Some AT 
researchers believe that aspects of usability are complex, multi-dimensional, highly individualised, 
and subject to change over time, and are best captured through subjective self-report (Arthanat et 
al., 2007; Cooper, 2007; Iwarsson & Ståhl, 2003; Wessels, et al., 1996). Further, use of 
observational assessments is problematic when dealing with issues of a "sensitive nature" (Portney 
& Watkins, 2009) (p. 327). In these cases, self-report usability tests, such as questionnaires, are 
preferable to observational assessments by non-users (Berg Rice, 2008; Bridgelal Ram et al., 2008). 
Self-report questionnaires facilitate quick and cost-effective administration (Berg Rice, 2008; 
Bridgelal Ram et al., 2008). They are useful where time and resources for follow up are limited 
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(Biering-Sørensen et al., 2009; Lenker et al., 2005; Middleton et al., 2008), for example where they 
are delivered across large geographical areas (Cox et al., 2001; Middleton et al., 2008). 
Development of self-report questionnaires is therefore recommended for gathering usability testing 
information (Berg Rice, 2008; Bridgelal Ram et al., 2008). 
2.4 RESEARCH CONSIDERATIONS FOR AT USABILITY TESTING  
Two interrelated areas have emerged as significant in usability testing research: where 
usability should be tested during design, development, or service delivery, and the use of generic 
versus specific questionnaires. These issues are discussed below. 
2.4.1 Usability testing in AT design, service delivery, and use 
Usability testing can occur at multiple points during AT design, development, and service 
delivery processes. In AT design and development, formative usability testing occurs during the 
pre-commercialisation stage (Israelski, 2010). Although opportunities for usability testing may be 
limited due to cost constraints, and design changes (Woodcock, Fielden, & Bartlett, 2012), testing is 
crucial to successful AT design and development (Berg Rice, 2008; Borisoff, 2010; Cooper, 2007, 
2009; Ding et al., 2007; Wessels, et al., 1996). Testing according to user-developed criteria, 
consistent with PAD approaches, is strongly recommended (Cooper, 2007, 2009; Digiovine, 
Hobson, & Cooper, 2007; Ding et al., 2007).   
Summative usability testing involves evaluation after the design is complete and/or 
commercially available (Israelski, 2010). In AT research, many questionnaires are designed to 
evaluate outcomes of AT interventions after short– or long–term AT use (Arthanat et al., 2007; 
Arthanat, Wu, Bauer, Lenker, & Nochajski, 2009; Lenker et al., 2005). Follow up in the short–or 
long–term after AT device specification and delivery, for example by an AT practitioner, has also 
been shown to reduce dissatisfaction and non-use of AT devices (Arthanat et al., 2007; Arthanat, 
Wu, et al., 2009; Lenker et al., 2005; Martin et al., 2011). Follow up by AT practitioners can also 
help to determine if changes to the AT system are needed (Arthanat et al., 2007; Arthanat, Wu, et 
al., 2009; Berg Rice, 2008; Harvey et al., 2012; Lenker et al., 2005). As with all AT devices 
(Arthanat et al., 2007; Lenker, Harris, Taugher, & Smith, 2013; Lenker et al., 2005), researchers, 
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policy makers and funders are demanding evidence of outcomes of MSC provision (Harvey et al., 
2012). Usability testing of AT devices after short– or long–term use is also a means of 
demonstrating evidence-based outcomes in AT provision (Arthanat et al., 2007; Arthanat, Wu, et 
al., 2009; Lenker et al., 2005). Where AT devices are classed as medical devices, summative 
usability testing after short– or long–term use can be used to meet legal requirements for ongoing 
product monitoring and market surveillance by the AT device manufacturers (Cooper, 2007; 
Hobson et al., 2007; Israelski, 2010). Summative usability testing can provide data for 
manufacturers, suppliers, clinicians, and policy makers on the safety and durability of AT devices 
over time (Berg Rice, 2008; Bridgelal Ram et al., 2008; Cooper, 2007; Hobson et al., 2007).  
Usability testing can also occur during AT service delivery. The service delivery process has 
been summarised by Lenker et al. (2013) as: “AT assessment, recommendation, funding approval, 
device assembly and training” (p. 375). AT assessments are an iterative process of individualised 
refinement and trial of AT devices, until a final specification is developed and recommended for the 
user (Cooper, 2007; Lenker et al., 2013). During service delivery, the user is an integral part of the 
AT service delivery "team" that may include AT practitioners (e.g. occupational therapists, 
physiotherapists, rehabilitation engineers, speech pathologists and other clinicians), AT suppliers, 
manufacturers and funding organisations, in addition to the users (Borisoff, 2010; Cooper, 2007; 
Friesen, Walker, et al., 2015; Layton et al., 2015; Walker & Friesen, 2015). As Choi and Sprigle 
(2011) note, this "potential need to individualise the [AT] device during manufacture to fit the user" 
is a unique aspect of AT service delivery (p. 37). Obtaining user feedback throughout the AT 
service delivery process is critical (Cook & Hussey, 1995), since a lack of user involvement during 
AT service delivery (i.e. during device refinement, selection, and specification), is associated with 
dissatisfaction and non-use or discontinuance of AT device use over time (Bridgelal Ram et al., 
2008; Martin et al., 2011; Scherer & Craddock, 2002). 
2.4.2 Generic versus AT device–specific questionnaires 
Currently, most questionnaires described in the literature are used during AT design and 
development (i.e. formative usability testing) (Berg Rice, 2008; Bridgelal Ram et al., 2008; Magnier 
et al., 2012), or after AT interventions and short– or long–term use (i.e. summative usability testing) 
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(Lenker et al., 2005). Questionnaires used for formative usability testing are designed to 
discriminate between prototype devices, prior to device commercialisation. A number of generic 
questionnaires for AT and medical devices are reported in the literature (Choi & Sprigle, 2011; 
Magnier et al., 2012; Martin et al., 2011). However, experts in the design and development of AT 
devices suggest questionnaires should be AT device–specific, in order to capture unique aspects of 
the device itself (Berg Rice, 2008; Cooper, 2007, 2009). They contend that users should be integral 
to the design process itself, and help to establish criteria for evaluating AT prototypes (Berg Rice, 
2008; Borisoff, 2010; Bridgelal Ram et al., 2008; Cooper, 2007, 2009; Digiovine et al., 2007; Ding 
et al., 2007). For example, Cooper and colleagues (Cooper, 2007, 2009; Ding et al., 2007) argue 
that understanding the use, performance, and contexts of use is critical to both AT design, and AT 
service delivery for specific AT devices. They advocate for using PAD approaches, and more 
specifically for using the PHAATE model of AT device design and service delivery, to identify and 
explore contributing factors (Cooper, 2007, 2009; Ding et al., 2007). This suggests questionnaires 
that capture unique aspects of the AT device, and needs of device users, are required (Berg Rice, 
2008; Cooper, 2007, 2009; Ding et al., 2007). 
Similarly, experts in AT service delivery now recommend that instruments measuring 
outcomes of AT device provision be AT device-specific (Bridgelal Ram et al., 2008; Lenker et al., 
2013; Lenker et al., 2005), and developed with input from AT device consumers (Berg Rice, 2008; 
Bridgelal Ram et al., 2008; Lenker et al., 2013; Mortenson, Miller, & Miller-Pogar, 2007). Further, 
instruments should be validated for well-defined user groups (Bridgelal Ram et al., 2008; Lenker et 
al., 2013; Lenker et al., 2005), and report evidence of psychometric evaluation for validity and 
reliability (Lenker et al., 2005; Portney & Watkins, 2009) and characteristics of the AT users’ 
disability or impairments (Arthanat et al., 2007; Bridgelal Ram et al., 2008; Lenker et al., 2005). 
Again, these calls for specificity suggest that AT device-specific questionnaires, validated for 
specific user groups, are needed. 
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2.5 CONCLUSIONS 
Usability is an important domain describing human-product interaction in ergonomics, 
human factors and user-centred product design. With its focus on interactions between the user and 
the product or device, usability is also an important area of enquiry across AT and medical devices 
research. Although a number of definitions exist, recent research has adopted the definition of 
usability from ISO 9241–11:1998. Established theoretical frameworks of AT device design and 
service delivery, such as the PHAATE model, are used to identify elements of usability and explore 
their interactions heuristically. Together, these form the theoretical underpinnings for research on 
AT usability described in subsequent chapters of this thesis.  
Experts in usability, and AT device design and service delivery, recommend using self-
report methods to capture the views of AT users. Self-report questionnaires, developed with input 
from AT device users, appear appropriate for testing usability of AT devices. These questionnaires 
should, however, be AT device-specific and capture unique aspects of the AT device identified by 
users. Finally, it appears that most usability-based questionnaires reported in the literature are 
developed for use during AT design and development (i.e. formative usability testing) or after AT 
interventions and short– or long–term use (i.e. summative usability testing). This suggests that 
questionnaires capable of discriminating between AT device prototypes during AT service delivery 
are needed. 
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Chapter 3: Literature review 
 
3.1 CONTEXT OF CHAPTER 3 WITHIN THE CURRENT THESIS 
The overall purpose of this thesis is to investigate key issues affecting the design, use, and 
usability of MSCs by adults with SCI. It culminates in the development and testing of a new 
questionnaire to test MSC usability. Portney and Watkins (2009) suggest that such research efforts 
should begin with a thorough exploration of the research topic of interest, encompassing an 
examination of clinical practice and theory, and a comprehensive reading of the professional 
literature. Chapter 2 provided overview of usability as it relates to AT devices. It described the 
theoretical underpinnings of research on AT device usability, including the current unified 
definition from ISO 9241–11:1998 and the PHAATE model of AT design and service delivery. 
Chapter 2 also provided justification for using self-report questionnaires in usability testing, and for 
developing questionnaires that are AT device-specific, can be used to discriminate between device 
prototypes, and are developed in consultation with AT users.  
This chapter focuses on MSCs used by adults with SCI. It presents an exploratory literature 
review of clinical assessment, design, and performance testing of MSCs for adults with SCI. 
Additionally, a summary of relevant literature published subsequent to the review is provided at the 
end of the chapter. This review addresses Research Aim A1 of the thesis, that is, to appraise the 
overall quality of evidence concerning MSCs used by adults with SCI, and assess the available 
evidence in the areas of clinical assessment, design, and performance testing. 
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3.2 CLINICAL ASSESSMENT, DESIGN, AND PERFORMANCE TESTING OF MOBILE SHOWER 
COMMODES FOR ADULTS WITH SPINAL CORD INJURY: AN EXPLORATORY REVIEW 
 
Citation 
Friesen, E.L, Theodoros, D., & Russell, T.G. (2013). Clinical assessment, design and performance 
testing of mobile shower commodes for adults with spinal cord injury: an exploratory 
review. Disability and Rehabilitation: Assistive Technology, 8(4), 267–274. 
doi:10.3109/17483107.2012.704656 
 
Copyright permission has been obtained for inclusion of this text in this thesis. The text has 
been inserted as accepted for publication, with the exception of minor edits, and formatting changes 
to headings, tables and figures. The formatting of references has also been changed to ensure 
consistency throughout the thesis.  
 
3.2.1 Abstract 
Purpose 
The purpose of this article is to explore evidence concerning clinical assessment, design, and 
performance testing of mobile shower commodes (MSCs) used by adults with spinal cord injury 
(SCI). 
Method 
Searches of electronic databases, conference proceedings and key journals were undertaken 
with no restriction on language or study design. Keywords included spinal cord injury, lesion, 
sanichair, sanitary chair, shower chair, bowel chair and commode. 
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Results 
A total of 20 publications were included in this review. Common approaches to clinical 
assessments were questionnaires and observational analysis to assess bowel care routines, function 
and skin integrity. Design features addressed access for bowel care, postural support, transfers, 
stability, use in wet environments and skin integrity. Objective performance measures addressed 
requirements for static stability, backward-sloping seat angles, arm supports and seat materials. 
Conclusions 
Evidence reviewed was of low methodological quality and lacking in validated instruments 
to guide clinical practice. Further high quality research is needed to identify bathing, showering and 
personal hygiene tasks affecting MSCs use and to develop validated clinical assessment tools. 
Performance testing to published standards is also needed. 
Implications for Rehabilitation 
• Adults with SCI use MSCs for functional activities including transferring, propelling, 
bowel care and showering, and the interactions between an adult with SCI, their MSCs, 
and the physical environment are not well understood. 
• Current MSCs designs may not facilitate functional activities and may contribute to falls 
and development of pressure ulcers. 
• Standardised and validated clinical assessment tools are needed to guide clinical 
practice, and should include questionnaires and observational analysis of functional 
activities performed in MSCs across all environments of use. 
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3.2.2 Introduction 
Development of individualised toileting and bathing routines, including the management of 
neurogenic (dysfunctional) bowels, is an important aspect of rehabilitation for adults with spinal 
cord injury (SCI) (Coggrave et al., 2006; Consortium for Spinal Cord Medicine, 1998; Krassioukov 
et al., 2010). Bowel management routines focus on training the bowel to evacuate “at a pre-
specified time, when appropriate resources are available” (Coggrave et al., 2006) (p. 3). Strategies 
to promote effective evacuation of stools include triggering the gastro-colic reflex, abdominal 
massage, anal stimulation through chemical or digital (mechanical) means and digital stool removal 
by either the patient or caregiver (Coggrave & Norton, 2010; Krassioukov et al., 2010). Adults with 
SCI may require mobile shower commodes (MSCs) to undertake these routines (Biering-Sørensen 
et al., 2009; Consortium for Spinal Cord Medicine, 1998; Nelson & Kraft Fine, 2001). Concerns 
regarding the safe use of these assistive technology (AT) devices have been raised in the literature. 
Zejdlik (1992) observed that certain movements associated with bowel management, such as 
transferring, reaching for supplies, bending to access the perianal area for digital stimulation or 
stool removal or performing pressure relief, are associated with an increased risk of falls. A recent 
study found movements such as inserting an enema, and transferring on/off a commode or toilet, 
were associated with concerns about falls in this population (Boswell-Ruys, Harvey, Delbaere, & 
Lord, 2010). A retrospective study of medical records found 7% of fall-related fractures in adults 
with SCI were associated with showering (Nelson et al., 2003).  
The frequency and duration of toileting, bowel care, and showering routines may also pose 
risks for skin breakdown and development of pressure ulcers (Dorsett & Geraghty, 2008; Gélis et 
al., 2009; B. M. Smith, Guihan, LaVela, & Garber, 2008). SCI lesions above T12, or upper motor 
neurone (UMN) lesions, are associated with reflexic / spastic bowels and managed primarily with 
alternate-day routines (Consortium for Spinal Cord Medicine, 1998; Nelson & Kraft Fine, 2001). 
Lesions at or below T12, or lower motor neurone (LMN) lesions, are associated with areflexic / 
flaccid bowels requiring daily or twice daily evacuation (Consortium for Spinal Cord Medicine, 
1998; Nelson & Kraft Fine, 2001). Internationally, studies have reported significant variations in 
duration of bowel care episodes, with some bowel care routines taking longer than an hour to 
complete (Coggrave & Norton, 2010; Coggrave et al., 2009; Haas, Geng, Evers, & Knecht, 2005; 
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Kim, Koh, Leigh, & Shin, 2012). Consequently, skin breakdown and development of pressure 
ulcers are associated with AT devices used during bowel management routines (Consortium for 
Spinal Cord Medicine, 1998; Raghavan, Raza, Ahmed, & Chamberlain, 2003; White, 2006).  
Despite these longstanding safety concerns, research on design and use of MSCs for adults 
with SCI appears limited (Nelson et al., 1993). A clinical practice guideline (CPG) on neurogenic 
bowel management in adults with SCI, published in 1998 (Consortium for Spinal Cord Medicine, 
1998), located only three peer-reviewed studies on MSCs for this population (Malassigné, Nelson, 
Amerson, Salzstein, et al., 1993; Nelson et al., 1993; Nelson, Malassigné, & Murray, 1994). A 
recent systematic review of strategies to address neurogenic bowel complications reported no 
studies on MSCs in its assessment of AT devices (Krassioukov et al., 2010). A review of evidence 
on MSCs for adults with SCI is therefore warranted.  
The aims of this exploratory review are to appraise the overall quality of evidence 
concerning MSCs used by adults with SCI, and to assess available evidence in the areas of clinical 
assessment, design, and performance testing. 
3.2.3 Methods 
3.2.3.1 Search strategy  
We searched for publications concerning MSCs for adults with SCI between February and 
April 2011. The key words [spinal cord injury OR spinal cord lesion] AND [sanichair OR sanitary 
chair OR shower chair OR bowel care chair OR commode] were selected based on previous 
reviews of toileting and continence AT devices for all populations with toileting disabilities 
(Cottenden et al., 2005), geriatric populations (Fader, 2002) and adults with SCI (Malassigné, 
Nelson, Amerson, Salzstein, et al., 1993; Nelson et al., 1993; Nelson et al., 1994); terminology 
described in ISO 9999:2011 Assistive products for persons with disability—classification and 
terminology (International Organization for Standardization, 2011); and after discussions with 
experts in the New South Wales State Spinal Cord Injury Service (NSW SSCIS) and Standards 
Australia Committee ME-067 (Assistive technology products for persons with disability). We 
searched the indexes of Ovid Medline (from 1950), CINAHL (from 1982), Cochrane Library (from 
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1996), Joanna Briggs Institute (from 1996), OT Seeker (from 2002), http://clinicaltrials.gov (from 
2000), National Guidelines Clearinghouse (http://www.guideline.gov; no date restriction), National 
Institute of Clinical Studies’ Clinical Guidelines portal (https://www.clinicalguidelines.gov.au; no 
date restriction) and Google Scholar (https://scholar.google.com; no date restriction). Australian 
and international standards were searched using SAI Global (SAI Global Limited, Sydney, 
Australia; no date restriction). We hand-searched the journals SCI Nursing, Spinal Cord, Journal of 
Rehabilitation Research and Development, Assistive Technology, Disability & Rehabilitation, 
Disability & Rehabilitation: Assistive Technology, RESNA conference proceedings, and 
bibliographies of full text publications meeting the inclusion criteria. Hand searches were delimited 
to January 1990–April 2011 as previous literature reviews located no evidence prior to this time 
(Consortium for Spinal Cord Medicine, 1998; Nelson et al., 1993).  
3.2.3.2 Inclusion and exclusion criteria 
No limitations were placed on the language of publication, the type of study or the type of 
publication. As this was an exploratory review, descriptive studies, published standards, CPGs, 
research reports and abstracts from conference proceedings were all included. As the review’s focus 
was on mobile (movable) commodes used for toileting and showering, evidence relating to static 
(non-movable) commodes (such as bed-side commodes, and wheelchairs), and commodes not 
intended for use in a wet environment, was excluded. Evidence relating to the design of toilets, 
public restrooms, bathrooms and water closets was excluded, as these relate to the built 
environment. Evidence relating to paediatric SCI was also excluded.  
3.2.3.3 Data extraction and levels of evidence 
A study-specific table for data extraction, based on tables in the systemic review by 
Krassioukov et al. (2010), was created in Microsoft Excel (2007) (Microsoft Corporation, 
Redmond, WA). Descriptive data were extracted and reported under three headings: (1) author, 
year, level of evidence, study design and total cohort; (2) methods (participants, treatment / 
intervention, outcome measures); and (3) outcomes and / or recommendations. Levels of evidence 
for each publication were assessed using the classification structure described in Table 1, which 
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demonstrates the rigor and strength of evidence reported in nine levels (Jovell & Navarro-Rubio, 
1995; Roine, Ohinmaa, & Hailey, 2001).  
 
 
 
Table 1 Level of evidence classification structure 
Level of evidence Description 
 
 
1 
 
Meta-analyses of RCTs 
 
2 RCTs with large samples 
 
3 RCTs with small samples 
 
4 Prospective studies with non-randomised control groups 
 
5 Retrospective trials with non-randomised control groups 
 
6 Cohort studies 
 
7 Case-control studies 
 
8 Descriptive studies, clinical series and consensus techniques 
 
9 Case reports and anecdotes 
 
 
Note. RCT = randomised control trial. 
 
Adapted from “[Evaluation of scientific evidence]”, by A. J. Jovell and M. D. Navarro-Rubio, 
Medicina Clinica, 105(19), 1995, p. 27., and “Assessing telemedicine: a systematic review of the 
literature”, by R. Roine, A. Ohinmaa, and D. Hailey, Canadian Medical Association Journal, 
165(6) 2001, p. 766. 
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3.2.4 Results 
3.2.4.1 Search and data extraction 
Figure 1 outlines the literature search and selection process. The initial database searches 
and hand searches located 1857 publications, with two requiring translation into English prior to 
review (Mello, 1954; Osten, 1955). Of the publications, 139 were duplicates leaving 1718 
publications for screening. After applying the exclusion criteria, 60 publications were retrieved full 
text and screened. Forty publications met the exclusion criteria, leaving 20 publications for 
inclusion in this review. Data were then extracted into the study-specific descriptive table described 
earlier (Table 2). One conference paper (Malassigné, Nelson, Amerson, Saltzstein, & Binard, 1993) 
and one Level 7 study (Malassigné, Nelson, Amerson, Salzstein, et al., 1993) reported the same data 
and were grouped together. Similarly, two peer-reviewed papers at Level 8 (Malassigné, Nelson, 
Cors, & Amerson, 2000; Nelson et al., 2000) were grouped together, as were a conference paper 
(Malassigné, Nelson, & Murray, 1997) and a project report (Malassigné, Nelson, Cors, Hutton, & 
Amerson, 1997) at Level 9 (Table 2).  
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Figure 1 Flowchart showing the process of identifying and screening publications for inclusion 
in review 
  
Total publications included 
in this review (N = 20) 
Total citations and abstracts 
screened (n = 1718) 
Full text publications 
screened (n = 60) 
Citations and abstracts 
meeting exclusion criteria 
(including two not in 
English) (n = 1658) 
Full text publications 
meeting exclusion criteria (n 
= 40) 
Total publications identified 
(n = 1857) Duplicates excluded (n = 139) 
Total citations and 
abstracts from database 
searches in English (n = 
1848) 
Total citations and 
abstracts translated into 
English prior to screening 
(n = 2) 
Full text publications 
located in the hand search 
(n = 7) 
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3.2.4.2 Levels of evidence 
Using the classification structure described in Table 1, we determined that evidence in two 
case-control studies (Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Nelson et al., 1994) met 
the requirements of Level 7 (Table 2). Evidence at Level 8, developed through descriptive studies or 
consensus techniques, was present in three peer-reviewed papers (Malassigné et al., 2000; Nelson et 
al., 1993; Nelson et al., 2000), one conference paper (Malassigné et al., 2001), all CPGs 
(Consortium for Spinal Cord Medicine, 1998; McIntosh, Keay, & Ford, 2005; Spinal Outreach 
Team, 2009e, 2009f, 2009g, 2009h) and one published standard (Standards Australia / Standards 
New Zealand, 2009). The majority of evidence at Level 8 provided no supporting research or 
evidence of psychometric testing (McIntosh et al., 2005; Spinal Outreach Team, 2009e, 2009f, 
2009g, 2009h; Standards Australia / Standards New Zealand, 2009) (Table 3). Five conference 
papers (Malassigné, Amerson, & Nelson, 1994; Malassigné, Nelson, Amerson, Saltzstein, et al., 
1993; Malassigné, Nelson, & Murray, 1997; Malassigné, Nelson, Jensen, & Rathvon, 2002; 
Malassigné, Nelson, Jensen, Rathvon, & Amato, 2003) and two project reports (Malassigné, 
Nelson, Cors, et al., 1997; Malassigné, Nelson, Jensen, Amerson, & McLellan, 2002) were 
considered case reports and anecdotes and classified at Level 9 (Table 4). No randomised control 
trials, or systematic reviews of such trials, were located. Based on the classifications structure 
described in Table 1, the overall strength of evidence for clinical assessment, design, and 
performance testing of MSCs for adults with SCI was found to be fair to poor (Roine et al., 2001), 
with case-control studies the highest levels of evidence located (Table 2). 
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Table 2 Descriptive summary of publications classified at Level 7 
Author, year; publication type; 
level of evidence; study design; 
total sample size 
Methods Outcomes and/or recommendations 
Malassigné, Nelson, Amerson, 
Salzstein, et al. (1993); PP; 7; 
Case-control study; N = 64. 
Malassigné, Nelson, Amerson, 
Saltzstein, et al. 
(1993); CO; 9; Case report; N = 
64. 
 
Participants: N=39 patients with SCI, N= 25 caregivers. 
Treatment / intervention: Three “commonly used” MSCs (p. 
84). 
OM: Observational Ax of simulated bowel care routine in 
simulated bathroom environment; Ax of MSC design; clinical 
Ax questionnaire (no details provided).  
 
1. Patients reported serious safety problems including falls and 
pressure ulcers.  
2. “Severe” design deficiencies found in all MSCs, affecting safety for 
transfers and transporting (propelling), skin integrity, comfort and 
hand access for bowel care & showering (p. 86).  
3. Performance criteria developed for new MSC including safety in 
wet environments, static stability and hand access for showering and 
bowel care. 
 
Nelson, et al. (1994); PP; 7; Case-
control study; N = 3. 
 
Participants: N=3 adults with SCI;  
Treatment / intervention: Three commercially-available 
MSCs; IPM. 
OM: Pressure (mmHg) measured by Force Sensing Array 
(FSA) system; results compared with published technical 
criteria (Ferguson-Pell, 1990); observational Ax of posture. 
1. Pressure readings exceeded acceptable limits at sacral/coccyx & 
ischial tuberosities for all subjects on each chair; within acceptable 
limits over greater trochanters. 
2. Pressure readings affected by body size, posture, chair design & seat 
materials. 
 
Note. Publications are grouped by level of evidence followed by year of publication. Multiple publications relating to the same study are grouped together. 
Ax = assessment; CO = conference paper; CPG = clinical practice guideline; IPM = interface pressure mapping; MSC = mobile shower commode; NA = not 
applicable; NR = not reported; OM = outcome measures; PP = peer-reviewed paper; PR = project report; ST = published standard.  
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Table 3 Descriptive summary of publications classified at Level 8 
Author, year; publication 
type; level of evidence; 
study design; total 
sample size 
Methods Outcomes and/or recommendations 
Nelson, et al. (1993); PP, 
8; Descriptive cross-
sectional study; N = 147. 
 
Participants: N=147 patients with SCI & 
caregivers. 
Treatment / intervention: NA. 
OM: Clinical Ax questionnaire including 
frequency of MSC use, bowel evacuation time, 
ease and safety of transporting (propelling) and 
transfers, skin integrity, and desired features of 
MSC.  
 
1. Typical bowel evacuation time was 2 hrs, 3 times per week. 
2. 54% reported never using their MSC. 
3. 66% felt safety was compromised in MSC, 37% reported feeling 
generally unsafe in the MSC, 47% felt unsafe when transferring, 
32% felt unsafe when transporting (propelling), over 35% 
reported falls and 24.2% reported skin integrity issues. 
4. Brakes, seat cushioning and hand access for bowel care were 
important design features. 
Consortium for Spinal 
Cord Medicine (1998); 
CPG; 8; Consensus 
opinion; N = NA. 
 
Participants: NA. 
Treatment / intervention: Appraisal of 
published evidence. 
OM: NA. 
 
1. Clinical Ax of level of SCI, cognition, bowel care routine, 
functional capacity, posture and reach, skin integrity and home 
environment should guide MSC selection (Malassigné, Nelson, 
Amerson, Salzstein, et al., 1993; Nelson et al., 1993). 
2. Safety straps or positioning devices to support seated position 
(Nelson et al., 1994), and interventions to avoid pressure ulcers 
and falls related to use of AT devices (Malassigné, Nelson, 
Amerson, Salzstein, et al., 1993; Nelson et al., 1993; Nelson et 
al., 1994), should be considered. 
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Malassigné, et al. (2000); PP; 8; 
Descriptive cross-sectional study; N 
= NR. 
Nelson, et al. (2000); PP; 8; 
Descriptive cross-sectional study; N 
= NR. 
 
Participants: Cohort not 
reported. 
Treatment / intervention: Eight 
rigid MSC prototypes. 
OM: Clinical Ax questionnaire 
including MSC design for 
showering, bowel care, seating 
and transfers; focus groups. 
 
1. Design and performance criteria included safety during transfers, 
propelling, showering and bowel care; static stability to 20⁰; fit over 
standard toilets; water and rust-proofing; rubber coated hand rims; 
rear-sloping seat to 4⁰; foot lifting mechanism; under-seat hand 
access and appropriate seat cushioning. 
2. New self-propelled and carer-propelled MSCs addressed all design 
and performance testing criteria. 
3. Need for folding MSC identified. 
Malassigné et al. (2001); CO; 8; 
Descriptive cross-sectional study; 
N=NR. 
 
Participants: Cohort not 
reported. 
Treatment / intervention: Rigid 
and folding MSC prototypes. 
OM: Clinical Ax questionnaire, 
observational Ax and focus 
groups.  
1. Rigid and folding MSCs addressed all design and performance 
testing criteria previously described (Malassigné et al., 2000; Nelson 
et al., 2000). 
2. Ongoing Ax of MSC prototypes and collaboration with users, 
clinicians, designers and manufacturers recommended.  
McIntosh, Keay, & Ford (2005); 
CPG; 8; Consensus opinion; N = NA. 
Participants: NA. 
Treatment / intervention: NA. 
OM: NA. 
 
1. Clinical Ax, observational Ax and IPM should guide MSC selection. 
2. MSC frame and seat design should be customised to the individual 
user. 
Spinal Outreach Team (2009g); 
CPG; 8; Consensus opinion; N = NA. 
 
Participants: NA. 
Treatment / intervention: NA. 
OM: NA. 
 
1. Clinical Ax, observational Ax and visual assessment of IPM should 
guide MSC selection. 
2. MSC frame and seat design should be customised to the individual 
user. 
Spinal Outreach Team (2009h); 
CPG; 8; Consensus opinion; N = NA.  
 
Participants: NA.  
Treatment / intervention: NA. 
OM: NA. 
 
1. MSC Ax tools available include clinical Ax questionnaire (Spinal 
Outreach Team, 2009f), observational Ax guide (Spinal Outreach 
Team, 2009g), MSC seat design guide (Spinal Outreach Team, 
2009e). 
2. Skin integrity checks, MSC trials and multidisciplinary review 
recommended. 
3. IPM not widely used for MSC seating Ax but may be useful for 
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biofeedback. 
Spinal Outreach Team (2009f); CPG; 
8; Consensus opinion; N = NA. 
 
Participants: NA 
Treatment / intervention: NA. 
OM: NA. 
 
1. 41–item instrument developed for clinical Ax, observational Ax and 
MSC design Ax. 
2. Seven seat design templates reported (Spinal Outreach Team, 2009a, 
2009b, 2009c, 2009d, 2009i, 2009j, 2009k). 
Spinal Outreach Team (2009e); 
CPG; 8; Consensus opinion; N = NA. 
 
Participants: NA. 
Treatment / intervention: NA. 
OM: NA. 
1. MSC seat design guide describing commercially-available MSC 
seats & seat toppers developed. 
 
AS/NZS 3973:2009 Shower/toilet 
chairs (mobile and static) (Standards 
Australia / Standards New Zealand, 
2009); ST; 8; Consensus opinion; N 
= NA. 
 
Participants: NA. 
Treatment / intervention: 
Consensus opinion of authors 
[61]. 
OM: NA. 
 
1. Performance criteria specified for brakes, arm supports, back 
supports, foot supports and castors; static stability to 10⁰; fit over 
standard toilets; water and rust-proofing; and rear-sloping seat to 
between 2⁰ and 6⁰; and waterproof and flexible seat cushioning. 
2. Test methods specified for parking brakes, strength, stability, and 
durability. 
3. Requirements for labelling and reporting of test results specified.  
 
Note. Publications are grouped by level of evidence followed by year of publication. Multiple publications relating to the same study are grouped together. 
Ax = assessment; CO = conference paper; CPG = clinical practice guideline; IPM = interface pressure mapping; MSC = mobile shower commode; NA = not 
applicable; NR = not reported; OM = outcome measures; PP = peer-reviewed paper; PR = project report; ST = published standard.  
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Table 4 Descriptive summary of publications classified at Level 9 
Author, year; publication type; 
level of evidence; study design; 
total sample size 
Methods Outcomes and/or recommendations 
Malassigné, Amerson, & 
Nelson (1994); CO; 9; Case 
report; N = NA. 
 
Participants: No cohort.  
Treatment / intervention: Five 
commercially-available MSCs. 
OM: Static stability tested to published 
manual wheelchair standard (American 
National Standards Institute / Rehabilitation 
Engineering Society of North America, 
1990). 
1. MSCs differed significantly in overall tippiness (stability). 
2. Type of loading (human or test dummy) was not significant. 
3. 20-degree tip angle recommended. 
 
Malassigné, Nelson, & Murray 
(1997); CO; 9; Case report; N = 
NR. 
Malassigné, Nelson, Cors, et al. 
(1997); PR; 9; Case report; N = 
NR. 
 
Participants: Cohort not reported.  
Treatment / intervention: Eight rigid MSC 
prototypes. 
OM: Clinical Ax questionnaire, 
observational Ax and focus groups. 
 
1. Design of new rigid MSC addressed problems with existing 
MSCs. 
2. Ongoing Ax of MSC prototypes and collaboration with users, 
clinicians, designers and manufacturers recommended.  
3. Performance testing of static stability to published manual 
wheelchair standard (American National Standards Institute / 
Rehabilitation Engineering Society of North America, 1990) 
planned. 
Malassigné, Nelson, Jensen, & 
Rathvon (2002); CO; 9; Case 
report; N = 30. 
Malassigné, Nelson, Jensen, 
Rathvon, & Amato (2003); CO; 
9; Case report; N = NR. 
 
Participants: N=30 patients and caregivers. 
Treatment / intervention: Folding MSC 
prototype. 
OM: Clinical Ax questionnaire and focus 
groups assessing design of MSC for 
showering, bowel care, seating and transfers. 
 
1. Design features of folding MSC addressed problems with 
existing MSCs. 
2. Patients reported the folding MSC was comfortable, fit in 
shower stalls and over toilets, was stable during transfers and 
propelling and useful for travel. 
3. Ongoing Ax of MSC prototypes and collaboration with users, 
clinicians, designers and manufacturers recommended.  
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Author, year; publication type; 
level of evidence; study design; 
total sample size 
Methods Outcomes and/or recommendations 
Malassigné, Nelson, Jensen, 
Amerson, & McLellan (2002); 
PR; 9; Case report; N = NR. 
 
Participants: NR 
Treatment / intervention: Rigid and folding 
MSC prototypes. 
OM: Clinical Ax questionnaire, 
observational Ax and focus groups. 
1. Design features of rigid and folding MSCs addressed 
problems with existing MSCs. 
 
Note. Publications are grouped by level of evidence followed by year of publication. Multiple publications relating to the same study are grouped together.  
Ax = assessment; CO = conference paper; CPG = clinical practice guideline; IPM = interface pressure mapping; MSC = mobile shower commode; NA = not 
applicable; NR = not reported; OM = outcome measures; PP = peer-reviewed paper; PR = project report; ST = published standard.  
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3.2.4.3 Clinical assessment of MSCs 
All peer-reviewed papers (Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Malassigné 
et al., 2000; Nelson et al., 1993; Nelson et al., 2000; Nelson et al., 1994) and all CPGs (Consortium 
for Spinal Cord Medicine, 1998; McIntosh et al., 2005; Spinal Outreach Team, 2009e, 2009f, 
2009g, 2009h) described clinical assessments of bowel management and intimate hygiene activities 
involving MSCs.  
 
Components of clinical assessments 
Major components of the clinical assessment identified included: 
 
• Reviewing current bowel care routines (Consortium for Spinal Cord Medicine, 1998; 
Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Malassigné et al., 2000; McIntosh 
et al., 2005; Nelson et al., 1993; Nelson et al., 2000; Spinal Outreach Team, 2009f, 
2009g, 2009h) (Table 2 & Table 3); 
• Assessing functional capacity to undertake bowel care (Consortium for Spinal Cord 
Medicine, 1998; Malassigné, Nelson, Amerson, Saltzstein, et al., 1993; Malassigné, 
Nelson, Amerson, Salzstein, et al., 1993; McIntosh et al., 2005; Nelson et al., 1993; 
Spinal Outreach Team, 2009f, 2009g, 2009h) (Table 2 & Table 3); 
• Reviewing postural stability and reach for bowel care and intimate hygiene (Consortium 
for Spinal Cord Medicine, 1998; McIntosh et al., 2005; Spinal Outreach Team, 2009f, 
2009g, 2009h) (Table 3);  
• Cleaning the feet and back of legs (Malassigné et al., 2000; Nelson et al., 2000) and 
cleaning under the arms (McIntosh et al., 2005) (Table 3); 
• Reviewing transfers on and off MSCs (Consortium for Spinal Cord Medicine, 1998; 
McIntosh et al., 2005; Nelson et al., 1993; Spinal Outreach Team, 2009f, 2009g) (Table 
2 & Table 3);  
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• Assessing pressure sores and skin integrity (Consortium for Spinal Cord Medicine, 
1998; Malassigné, Nelson, Amerson, Saltzstein, et al., 1993; Malassigné, Nelson, 
Amerson, Salzstein, et al., 1993; McIntosh et al., 2005; Nelson et al., 1993; Nelson et 
al., 1994; Spinal Outreach Team, 2009a, 2009b, 2009c, 2009d, 2009e, 2009f, 2009g, 
2009h) (Table 2 & Table 3); and  
• Establishing client and caregiver goals (Consortium for Spinal Cord Medicine, 1998; 
McIntosh et al., 2005; Spinal Outreach Team, 2009f, 2009g, 2009h) (Table 3).  
 
One CPG (Spinal Outreach Team, 2009g) recommended assessing seat shapes using 
palpation and visual inspection of a patient’s bony prominences within the seat aperture (Table 3).  
 
Clinical assessment tools 
Questionnaires (Malassigné, Nelson, Amerson, Saltzstein, et al., 1993; Malassigné, Nelson, 
Amerson, Salzstein, et al., 1993; Malassigné et al., 2000; Malassigné, Nelson, Jensen, & Rathvon, 
2002; Nelson et al., 1993; Nelson et al., 2000; Spinal Outreach Team, 2009f, 2009g, 2009h), 
observational assessments in dry or simulated bathroom environments (Malassigné, Nelson, 
Amerson, Saltzstein, et al., 1993; Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Malassigné, 
Nelson, Jensen, & Rathvon, 2002; Spinal Outreach Team, 2009f, 2009g, 2009h) and interface 
pressure mapping (IPM) (McIntosh et al., 2005; Nelson et al., 1994; Spinal Outreach Team, 2009g) 
were the most common clinical assessment methods (Table 2, Table 3, & Table 4). Five CPGs 
recommended observational assessment in the client’s home environment (Consortium for Spinal 
Cord Medicine, 1998; McIntosh et al., 2005; Spinal Outreach Team, 2009f, 2009g, 2009h), and four 
recommended assessing alternative environments for when the patient was travelling (McIntosh et 
al., 2005; Spinal Outreach Team, 2009f, 2009g, 2009h) (Table 3). 
3.2.4.4 Design of MSC frames and seats 
All literature included in this review commented specifically on design features or 
specifications for the frame, seat, or both (Table 2, Table 3, & Table 4). All literature addressed 
design issues affecting use of MSCs for bowel management and showering, and most considered 
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design issues affecting propelling, manoeuvring, and transfers. Four studies (Malassigné, Nelson, 
Amerson, Saltzstein, et al., 1993; Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Nelson et 
al., 1993; Nelson et al., 1994) and all CPGs (Consortium for Spinal Cord Medicine, 1998; McIntosh 
et al., 2005; Spinal Outreach Team, 2009e, 2009f, 2009g, 2009h) selected MSC features based on 
the user’s size, function, level of injury and interactions between the user and caregiver (Table 2 & 
Table 3).  
 
Frame design 
Important frame design features included: 
 
• Cut-outs to allow access to the perianal area (Malassigné, Nelson, Amerson, Saltzstein, 
et al., 1993; Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Malassigné, Nelson, 
& Murray, 1997; Malassigné, Nelson, Cors, et al., 1997; Malassigné et al., 2000; 
Malassigné et al., 2001; Malassigné, Nelson, Jensen, Amerson, et al., 2002; Malassigné, 
Nelson, Jensen, & Rathvon, 2002; Malassigné et al., 2003; McIntosh et al., 2005; 
Nelson et al., 2000; Spinal Outreach Team, 2009f, 2009g) (Table 2, Table 3, & Table 
4); 
• Designs allowing access to the body for cleaning (Malassigné, Nelson, Amerson, 
Saltzstein, et al., 1993; Malassigné, Nelson, Amerson, Salzstein, et al., 1993; 
Malassigné, Nelson, & Murray, 1997; Malassigné, Nelson, Cors, et al., 1997; 
Malassigné et al., 2000; McIntosh et al., 2005; Nelson et al., 2000; Spinal Outreach 
Team, 2009f, 2009g) (Table 2, Table 3, & Table 4);  
• Frame shape to fit over a toilet (Malassigné, Nelson, Amerson, Saltzstein, et al., 1993; 
Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Malassigné, Nelson, & Murray, 
1997; Malassigné, Nelson, Cors, et al., 1997; Malassigné et al., 2000; Malassigné et al., 
2001; Malassigné, Nelson, Jensen, Amerson, et al., 2002; Malassigné, Nelson, Jensen, 
& Rathvon, 2002; Malassigné et al., 2003; Nelson et al., 2000; Spinal Outreach Team, 
2009f, 2009g; Standards Australia / Standards New Zealand, 2009) (Table 2, Table 3, & 
Table 4); 
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• Effective parking brakes (Malassigné, Nelson, Amerson, Salzstein, et al., 1993; 
Malassigné, Nelson, & Murray, 1997; Malassigné, Nelson, Cors, et al., 1997; 
Malassigné et al., 2000; Malassigné et al., 2001; Malassigné, Nelson, Jensen, Amerson, 
et al., 2002; Malassigné, Nelson, Jensen, & Rathvon, 2002; Nelson et al., 2000; Spinal 
Outreach Team, 2009g; Standards Australia / Standards New Zealand, 2009) (Table 2, 
Table 3, & Table 4);  
• Arm supports for hooking, leaning or repositioning (Malassigné, Nelson, Amerson, 
Saltzstein, et al., 1993; Malassigné, Nelson, Amerson, Salzstein, et al., 1993; 
Malassigné, Nelson, & Murray, 1997; Malassigné et al., 2000; Malassigné et al., 2001; 
Malassigné, Nelson, Jensen, Amerson, et al., 2002; Malassigné, Nelson, Jensen, & 
Rathvon, 2002; Malassigné et al., 2003; McIntosh et al., 2005; Nelson et al., 2000; 
Spinal Outreach Team, 2009f, 2009g; Standards Australia / Standards New Zealand, 
2009) (Table 2, Table 3, & Table 4);  
• Arms supports that could be removed or moved for transfers (Malassigné, Nelson, 
Amerson, Saltzstein, et al., 1993; Malassigné, Nelson, Amerson, Salzstein, et al., 1993; 
Malassigné, Nelson, & Murray, 1997; Malassigné et al., 2000; Malassigné et al., 2001; 
Malassigné, Nelson, Jensen, Amerson, et al., 2002; Malassigné, Nelson, Jensen, & 
Rathvon, 2002; Malassigné et al., 2003; Nelson et al., 2000; Spinal Outreach Team, 
2009g; Standards Australia / Standards New Zealand, 2009) (Table 2, Table 3, & Table 
4);  
• Push-rims for use in wet or slippery environments (Malassigné, Nelson, Amerson, 
Saltzstein, et al., 1993; Malassigné, Nelson, Amerson, Salzstein, et al., 1993; 
Malassigné, Nelson, & Murray, 1997; Malassigné, Nelson, Cors, et al., 1997; 
Malassigné et al., 2000; Malassigné et al., 2001; Malassigné, Nelson, Jensen, Amerson, 
et al., 2002; Malassigné, Nelson, Jensen, & Rathvon, 2002; Nelson et al., 2000) (Table 
2, Table 3, & Table 4);  
• Safety straps and positioning supports (Consortium for Spinal Cord Medicine, 1998; 
Malassigné, Nelson, Amerson, Saltzstein, et al., 1993; Malassigné, Nelson, Amerson, 
Salzstein, et al., 1993; McIntosh et al., 2005; Nelson et al., 1994; Spinal Outreach Team, 
2009g; Standards Australia / Standards New Zealand, 2009) (Table 2 & Table 3);  
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• Rust- or water-proofing (Malassigné, Nelson, Amerson, Saltzstein, et al., 1993; 
Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Malassigné, Nelson, & Murray, 
1997; Malassigné, Nelson, Cors, et al., 1997; Malassigné et al., 2000; Malassigné et al., 
2001; Malassigné, Nelson, Jensen, Amerson, et al., 2002; Malassigné, Nelson, Jensen, 
& Rathvon, 2002; Nelson et al., 2000; Standards Australia / Standards New Zealand, 
2009) (Table 2, Table 3, & Table 4);  
• Folding frames to facilitate storage and transport (Malassigné, Nelson, Amerson, 
Salzstein, et al., 1993; Malassigné et al., 2000; Malassigné et al., 2001; Malassigné, 
Nelson, Jensen, Amerson, et al., 2002; Malassigné, Nelson, Jensen, & Rathvon, 2002; 
Malassigné et al., 2003; McIntosh et al., 2005; Nelson et al., 2000; Spinal Outreach 
Team, 2009g; Standards Australia / Standards New Zealand, 2009) (Table 2, Table 3, & 
Table 4);  
• Backward-sloping seat angles to facilitate positioning (Malassigné et al., 2000; 
Malassigné et al., 2001; Malassigné, Nelson, Jensen, Amerson, et al., 2002; Malassigné, 
Nelson, Jensen, & Rathvon, 2002; McIntosh et al., 2005; Nelson et al., 2000; Standards 
Australia / Standards New Zealand, 2009) (Table 3 & Table 4); 
• Static stability (Malassigné et al., 1994; Malassigné, Nelson, Amerson, Saltzstein, et al., 
1993; Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Malassigné, Nelson, & 
Murray, 1997; Malassigné, Nelson, Cors, et al., 1997; Malassigné et al., 2000; 
Malassigné et al., 2001; Malassigné, Nelson, Jensen, Amerson, et al., 2002; Nelson et 
al., 2000; Standards Australia / Standards New Zealand, 2009) (Table 2, Table 3, & 
Table 4); and  
• Stability and safety during transferring, propelling and washing extremities 
(Malassigné, Nelson, Amerson, Saltzstein, et al., 1993; Malassigné, Nelson, Amerson, 
Salzstein, et al., 1993; Malassigné, Nelson, & Murray, 1997; Malassigné et al., 2000; 
Malassigné et al., 2001; Malassigné, Nelson, Jensen, Amerson, et al., 2002; Malassigné, 
Nelson, Jensen, & Rathvon, 2002; Malassigné et al., 2003; McIntosh et al., 2005; 
Nelson et al., 2000; Spinal Outreach Team, 2009f, 2009g; Standards Australia / 
Standards New Zealand, 2009) (Table 2, Table 3, & Table 4).  
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Four publications described a new foot lifting mechanism designed to facilitate cleaning the 
feet (Malassigné, Nelson, Cors, et al., 1997; Malassigné et al., 2000; Malassigné et al., 2001; 
Nelson et al., 2000) (Table 3 & Table 4). 
 
Seat design 
Seat designs featured cut-outs (Malassigné, Nelson, Amerson, Saltzstein, et al., 1993; 
Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Malassigné, Nelson, & Murray, 1997; 
Malassigné, Nelson, Cors, et al., 1997; Malassigné et al., 2000; Malassigné et al., 2001; Malassigné, 
Nelson, Jensen, Amerson, et al., 2002; Malassigné, Nelson, Jensen, & Rathvon, 2002; McIntosh et 
al., 2005; Nelson et al., 2000; Spinal Outreach Team, 2009e, 2009f, 2009g) or full openings 
(McIntosh et al., 2005; Spinal Outreach Team, 2009e, 2009f) to facilitate under-seat access to the 
perianal area (Table 2, Table 3, & Table 4).  
Seat shapes were designed to maximise seating surface area (Consortium for Spinal Cord 
Medicine, 1998; Malassigné et al., 2000; Malassigné et al., 2001; McIntosh et al., 2005; Nelson et 
al., 2000; Spinal Outreach Team, 2009e), distribute pressure through the thighs and greater 
trochanters (GTs) (Consortium for Spinal Cord Medicine, 1998; Malassigné, Nelson, & Murray, 
1997; Malassigné, Nelson, Cors, et al., 1997; Malassigné et al., 2000; Malassigné et al., 2001; 
McIntosh et al., 2005; Nelson et al., 2000; Spinal Outreach Team, 2009e), and allow the ischial 
tuberosities (ITs) to "float" (McIntosh et al., 2005) (p. 20) or position within the aperture of the seat 
(Spinal Outreach Team, 2009e) (Table 2, Table 3, & Table 4). One CPG (Spinal Outreach Team, 
2009f) provided seven seat design templates for custom-made seats (Spinal Outreach Team, 2009a, 
2009b, 2009c, 2009d, 2009i, 2009j, 2009k) although cited no evidence underpinning the 
recommendations (Table 3). 
Considerations for seat materials and construction included adequate cushioning 
(Consortium for Spinal Cord Medicine, 1998; Malassigné, Nelson, & Murray, 1997; Malassigné, 
Nelson, Cors, et al., 1997; Malassigné et al., 2000; Malassigné et al., 2001; McIntosh et al., 2005; 
Nelson et al., 2000; Spinal Outreach Team, 2009e), no seams or joins on the inner edge of the 
aperture (Consortium for Spinal Cord Medicine, 1998; Malassigné, Nelson, & Murray, 1997; 
Malassigné, Nelson, Cors, et al., 1997; Malassigné et al., 2000; Malassigné et al., 2001; McIntosh et 
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al., 2005; Nelson et al., 2000; Spinal Outreach Team, 2009e) and flexible upholstery (McIntosh et 
al., 2005; Spinal Outreach Team, 2009e, 2009g; Standards Australia / Standards New Zealand, 
2009) (Table 2, Table 3, & Table 4). 
One study (Nelson et al., 1994) reported assessing seat designs and cushioning materials 
using quantitative IPM criteria developed for assessing wheelchair seating (Ferguson-Pell, 1990) 
(Table 2). Two CPGs (McIntosh et al., 2005; Spinal Outreach Team, 2009g) described IPM as a 
clinical assessment tool used by expert clinicians as part of a comprehensive assessment (Table 3).  
3.2.4.5 Performance testing of MSC frames and seats 
Performance tests, or criteria to which performance could be objectively tested, were 
reported for: 
 
• Backward-sloping seat angles (Malassigné et al., 1994; Malassigné, Nelson, & Murray, 
1997; Malassigné, Nelson, Cors, et al., 1997; Malassigné et al., 2001; Malassigné, 
Nelson, Jensen, & Rathvon, 2002; McIntosh et al., 2005; Nelson et al., 2000; Standards 
Australia / Standards New Zealand, 2009) (Table 2, Table 3, & Table 4);  
• Capacity to fit over a toilet (Malassigné, Nelson, & Murray, 1997; Malassigné, Nelson, 
Cors, et al., 1997; Malassigné et al., 2000; Malassigné, Nelson, Jensen, Amerson, et al., 
2002; Malassigné, Nelson, Jensen, & Rathvon, 2002; Nelson et al., 2000; Spinal 
Outreach Team, 2009f, 2009g; Standards Australia / Standards New Zealand, 2009) 
(Table 3 & Table 4); 
• Locking arm supports (Malassigné, Nelson, & Murray, 1997; Malassigné, Nelson, Cors, 
et al., 1997; Malassigné et al., 2000; Malassigné, Nelson, Jensen, Amerson, et al., 2002; 
Malassigné, Nelson, Jensen, & Rathvon, 2002; Nelson et al., 2000; Standards Australia 
/ Standards New Zealand, 2009) (Table 3 & Table 4); 
• Removable or movable arm supports (Malassigné, Nelson, & Murray, 1997; 
Malassigné, Nelson, Cors, et al., 1997; Malassigné et al., 2000; Malassigné, Nelson, 
Jensen, Amerson, et al., 2002; Malassigné, Nelson, Jensen, & Rathvon, 2002; Nelson et 
al., 2000; Standards Australia / Standards New Zealand, 2009) (Table 3 & Table 4); and 
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• Parking brakes (Malassigné, Nelson, & Murray, 1997; Malassigné, Nelson, Cors, et al., 
1997; Malassigné et al., 2000; Malassigné, Nelson, Jensen, Amerson, et al., 2002; 
Malassigné, Nelson, Jensen, & Rathvon, 2002; Nelson et al., 2000; Standards Australia 
/ Standards New Zealand, 2009) (Table 3 & Table 4).  
 
Performance tests for static stability were reported in the published standard (Standards 
Australia / Standards New Zealand, 2009) and three studies (Malassigné et al., 1994; Malassigné, 
Nelson, & Murray, 1997; Malassigné, Nelson, Cors, et al., 1997), although the studies used a test 
method designed for manual wheelchairs (American National Standards Institute / Rehabilitation 
Engineering Society of North America, 1990) (Table 3 & Table 4).  
3.2.5 Discussion 
3.2.5.1 Clinical assessment of MSCs  
The review found a paucity of high-quality research around clinical assessment of MSCs for 
adults with SCI. Publications were generally consistent in describing components of clinical 
assessments for bowel care and intimate hygiene (Consortium for Spinal Cord Medicine, 1998; 
Malassigné, Nelson, Amerson, Saltzstein, et al., 1993; Malassigné, Nelson, Amerson, Salzstein, et 
al., 1993; McIntosh et al., 2005; Nelson et al., 1993; Spinal Outreach Team, 2009f, 2009g, 2009h), 
functional capacity (Consortium for Spinal Cord Medicine, 1998; Malassigné, Nelson, Amerson, 
Saltzstein, et al., 1993; Malassigné, Nelson, Amerson, Salzstein, et al., 1993; McIntosh et al., 2005; 
Nelson et al., 1993; Spinal Outreach Team, 2009f, 2009g, 2009h), and skin integrity (Consortium 
for Spinal Cord Medicine, 1998; Malassigné, Nelson, Amerson, Saltzstein, et al., 1993; Malassigné, 
Nelson, Amerson, Salzstein, et al., 1993; McIntosh et al., 2005; Nelson et al., 1993; Nelson et al., 
1994; Spinal Outreach Team, 2009a, 2009b, 2009c, 2009d, 2009e, 2009f, 2009g, 2009h), but less 
clear on clinical assessments of bathing, showering, and cleaning extremities of the body. Similar 
problems exist in the broader bathing literature, where there is little consensus on processes and 
tasks involved (Czaja, Weber, & Nair, 1993), and a lack of evidence to guide clinical practice 
(Gooch, 2003).  
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Clinical assessment methods such as observation in the client’s home (McIntosh et al., 2005; 
Spinal Outreach Team, 2009f, 2009g, 2009h), observation in a simulated dry or wet environment 
(Malassigné, Nelson, Amerson, Saltzstein, et al., 1993; Malassigné, Nelson, Amerson, Salzstein, et 
al., 1993; Spinal Outreach Team, 2009f, 2009g, 2009h), and questionnaires (Malassigné, Nelson, 
Amerson, Saltzstein, et al., 1993; Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Malassigné 
et al., 2000; Malassigné, Nelson, Jensen, & Rathvon, 2002; Nelson et al., 1993; Nelson et al., 2000; 
Spinal Outreach Team, 2009f, 2009g), are consistent with clinical assessment methods described in 
studies of bathing disabilities in other populations (Gooch, 2003). Methodological quality was 
reduced in the case-control and cohort studies (Malassigné, Nelson, Amerson, Saltzstein, et al., 
1993; Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Nelson et al., 1993; Nelson et al., 1994) 
as none referenced existing validated tools for activities of daily living in the design of 
questionnaires and surveys (Portney & Watkins, 2009). Although comprehensive, the clinical 
assessment tools reviewed (Spinal Outreach Team, 2009f, 2009g, 2009h) reported no psychometric 
testing. A lack of standardised or validated clinical assessment tools is noted across both the bathing 
literature (Gooch, 2003) and literature on assessment and selection of AT (Bernd, Van Der Pijl, & 
De Witte, 2009; Friederich et al., 2010). This area needs further development. Recent work on AT 
selection frameworks (Friederich et al., 2010; Scherer, Jutai, Fuhrer, Demers, & DeRuyter, 2007) 
could provide a basis for identifying factors affecting the assessment and selection of MSCs used by 
adults with SCI across all environments of use.  
3.2.5.2 Design and performance testing of MSCs 
Five studies in this review (Malassigné, Nelson, Amerson, Salzstein, et al., 1993; 
Malassigné et al., 2000; Nelson et al., 1993; Nelson et al., 2000; Nelson et al., 1994) showed that 
design features of MSCs affected a user’s function and safety during transferring, propelling 
(transporting), bowel care, and showering. The MSC designs developed through these studies 
addressed these issues (Malassigné et al., 2000; Malassigné et al., 2001; Malassigné, Nelson, 
Jensen, & Rathvon, 2002; Malassigné et al., 2003), however were not described in recent CPGs 
(McIntosh et al., 2005; Spinal Outreach Team, 2009e, 2009g) and may not be widely implemented. 
Findings from this review strongly indicate a need for studies exploring interactions between an 
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adult with SCI, their MSC, and the physical environment to establish if the design, safety and 
performance issues identified in studies (Malassigné, Nelson, Amerson, Salzstein, et al., 1993; 
Malassigné et al., 2000; Nelson et al., 1993; Nelson et al., 2000; Nelson et al., 1994) and CPGs 
(Consortium for Spinal Cord Medicine, 1998; McIntosh et al., 2005; Spinal Outreach Team, 2009e, 
2009f, 2009g, 2009h) still exist. This work would inform development of performance testing 
criteria specifically for MSCs used by adults with SCI, using test methods in the existing published 
standard (Standards Australia / Standards New Zealand, 2009) to ensure consistency in testing and 
reporting of test results (Hobson et al., 2007). 
Finally, recent literature has failed to show a causal relationship between numerical data 
gained through quantitative IPM and the development of pressure ulcers (Jan & Brienza, 2006). 
IPM provides information on vertical pressure on the seating surface and no information on “forces 
on the skin, inside the aperture, posture, transfers or function” (Spinal Outreach Team, 2009g) (p. 
1). Quantitative IPM is therefore no longer encouraged as part of a quantitative performance 
assessment (McIntosh et al., 2005; Spinal Outreach Team, 2009g; Sprigle & Sonenblum, 2011). 
3.2.5.3 Limitations of search and levels of evidence 
This exploratory review used a comprehensive and transparent search strategy comprising 
database and hand searches. We anticipated finding little peer-reviewed evidence and therefore 
placed no limitations on the language or type of study. We included descriptive methodologies such 
as observation, interviews and surveys, and grey literature (Portney & Watkins, 2009) in order to 
synthesise and disseminate “best available” research and current perspectives on clinical practice 
(Law & MacDermid, 2008) (p. 13). This approach is suggested as part of evidence-based 
rehabilitation (EBR) and evidence-based clinical practice (EBCP) (Law & MacDermid, 2008). We 
acknowledge relevant literature may have been inadvertently missed, particularly grey literature 
residing in websites or forums that are not readily accessible (Law & MacDermid, 2008).  
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3.2.6 Conclusions  
As expected, there was no recent, high-level evidence regarding clinical assessment, design, 
and performance testing of MSCs for adults with SCI. The highest levels of evidence found were 
case-control studies, followed by descriptive studies, CPGs based on clinical consensus techniques, 
and published standards and were therefore of low methodological quality. Research is needed to 
understand how adults with SCI use their MSCs across functional activities such as transfers, 
propelling, bowel management and showering. Validated or standardised tools for clinical 
assessment are also needed. Together, these measures would do much to improve the evidence base 
underpinning the clinical assessment, design and performance testing of MSCs used by adults with 
SCI. 
3.3 UPDATE TO THE EXPLORATORY LITERATURE REVIEW 
The literature search for the exploratory literature review was conducted between February 
and April 2011 (Friesen, Theodoros, & Russell, 2013). An updated literature search, using the same 
criteria, was conducted in October 2015. A total of three new publications were located, and data 
were extracted using the same methodology as described in the exploratory review (Friesen et al., 
2013). Results are shown in Table 5. The conclusions from the exploratory literature review, 
presented earlier in this chapter, remain valid. 
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Table 5 Descriptive summary of publications located in the updated literature search 
Author, year; publication type; 
level of evidence; study design; 
total sample size 
Methods Outcomes and/or recommendations 
Ford, Keay and Skipper (2014); 
CPG; 8; Consensus opinion; N = 
NA. 
 
Participants: NA. 
Treatment / 
intervention: NA. 
OM: NA. 
• Clinical Ax, MSC design Ax 
• MSC frame and seat design should be customised to the individual user. 
• 9 clinical considerations (method of transferring, length of bowel care routine, level of 
independence with bowel care routine, pressure-relieving method, propulsion method, skin 
integrity, travel requirements, posture – whether or not they require support, medical history e.g. 
postural hypotension) 
• 21 MSC features to consider. Separate guidance on design of custom-made seats. 
Spinal Outreach Team (2013); 
CPG; 8; Consensus opinion; N = 
NA. 
 
Participants: NA. 
Treatment / 
intervention: NA. 
OM: NA. 
• Clinical Ax, observational Ax and MSC design Ax. 
• MSC frame and seat design should be customised to the individual user. 
• 9—part Ax & Prescription tool (with checklists), 7 seat design templates (Queensland Spinal Cord 
Injury Service, 2012a, 2012b, 2012c, 2012d, 2012e, 2012f, 2012g) 
Queensland Spinal Cord Injuries 
Service (2012); CPG; 8; 
Consensus opinion; N = NA. 
Participants: NA. 
Treatment / 
intervention: NA. 
OM: NA. 
• 7 MSC design templates (Queensland Spinal Cord Injury Service, 2012a, 2012b, 2012c, 2012d, 
2012e, 2012f, 2012g) 
Note. Ax = assessment; CPG = clinical practice guideline; IPM = interface pressure mapping; MSC = mobile shower commode; NA = not applicable; NR = not 
reported; OM = outcome measures; ST = published standard. 
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3.4 ASSISTIVE TECHNOLOGY DEVICES FOR TOILETING AND SHOWERING USED IN SPINAL CORD 
INJURY REHABILITATION—A COMMENT ON TERMINOLOGY  
 
3.4.1 Context within the current chapter 
In conducting the exploratory literature review, it was necessary to develop a list of search 
terms for the AT device in question, i.e. MSCs. The terms sanichair, sanitary chair, shower chair, 
bowel care chair and commode were selected based on: 
 
• Reviews of AT devices for toileting and continence for all populations with toileting 
disabilities (Cottenden et al., 2005), geriatric populations (Fader, 2002), and adults with 
SCI (Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Nelson et al., 1993; Nelson 
et al., 1994);  
• Terminology described in ISO 9999:2011 Assistive products for persons with disability 
– classification and terminology (International Organization for Standardization, 2011); 
and  
• Discussions with experts in the New South Wales State Spinal Cord Injury Service 
(NSW SSCIS) and Standards Australia Committee ME-067 (Assistive technology 
products for persons with disability). 
 
In 2014, ISO began a scheduled review of ISO 9999:2011 (International Organization for 
Standardization, 2011). The review was undertaken by the ISO Technical Group 173 / Sub 
Committee 2 (ISO/TC 173/SC2), and considered the terminology and definitions for assistive 
products for bathing, showering, and toileting. Establishing consistent terminology for assistive 
technologies and devices is a strategic goal for developers of international standards (International 
Organization for Standardization, 2011). The candidate was asked to provide a written submission 
to the Sub Committee based on the published exploratory literature review presented in this chapter 
(Friesen et al., 2013). A revised version of this submission was subsequently published as an 
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editorial in the journal Disability and Rehabilitation: Assistive Technology, in order to inform 
further standards development and research work in this area. The editorial is reproduced in full in 
the following section. 
 
Citation 
 
Friesen, E. L., Theodoros, D. and Russell, T. G. (2016). Assistive technology devices for toileting 
and showering used in SCI rehabilitation—a comment on terminology (Editorial). Disability 
and Rehabilitation: Assistive Technology, 11(1), 1–2. doi:10.3109/17483107.2014.984779 
 
Copyright permission has been obtained for inclusion of the text in this thesis. The text has 
been inserted as accepted for publication, with the exception of minor edits, and formatting changes 
to headings, tables and figures. The formatting of references has also been changed to ensure 
consistency throughout the thesis.  
 
3.4.2 Abstract 
A review of assistive technologies, products and devices for toileting and showering 
identified at least 15 separate terms across all studies, with another 2 identified in subsequent 
studies. Terms are often used interchangeably, and are often not defined or described. 
Inconsistencies in terminology affect the quality of evidence available to policy makers, researchers 
and clinicians. Researchers are encouraged to provide clear definitions and descriptions of assistive 
technologies, products and devices for toileting and showering under investigation.  
Keywords 
assistive products, assistive devices, AT 
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Implications for rehabilitation 
• At least 17 different terms have been identified for assistive technologies, products, and 
devices for toileting and showering. 
• Inconsistencies in terminology make comparisons between studies difficult, and 
therefore affect the quality of evidence available to policy makers, researchers, and 
clinicians. 
• Providing clear definitions and descriptions of assistive technologies, products, and 
devices for toileting and showering under investigation is encouraged. 
 
3.4.3 Introduction 
Inconsistencies in terminology are a significant problem across studies on assistive products 
and devices for toileting and showering. Terms for assistive products and devices in this area are 
often not defined, or are used interchangeably (Fader, 2002). As part of a recent exploratory review 
of literature on toileting and showering for adults with spinal cord injury (SCI) (Friesen et al., 
2013), we found a total of 13 separate terms across included studies: bowel care / shower chair 
(Nelson et al., 2000), commode (Harvey et al., 2012), commode–shower chair (Malassigné et al., 
2000), commode/shower chairs on wheels (Biering-Sørensen et al., 2009), commode–shower 
wheelchair (Malassigné, Nelson, Jensen, & Rathvon, 2002), mobile overtoilet/showerchair 
(Medical Aids Subsidy Scheme, 2011), mobile shower commode (Ford et al., 2014), mobile sanitary 
chair (British Standards Institute, 2005), sanichair (Cottenden et al., 2005; Friesen et al., 2013), 
shower chair (Harvey et al., 2012), shower-commode wheelchair (Malassigné et al., 2003), 
shower/toilet chair (Standards Australia / Standards New Zealand, 2009), and wheelchair (Nelson 
et al., 2000). An occupational therapy taxonomy published by the SCIRehab Project used the term 
rolling shower chair (Ozelie et al., 2009), while a recently published Australian clinical practice 
guideline (CPG) used the term mobile shower commode chair (Spinal Outreach Team, 2013). In 
studies subsequent to the exploratory review (Friesen, Theodoros, & Russell, 2015a, 2015c), we 
adopted the term mobile shower commode (MSC), consistent with the usage in clinical settings in 
which the first author had previously worked (Ford et al., 2014). 
 51 
In 2011, the International Organization for Standardization (ISO) published ISO 9999:2011 
Assistive products for persons with disability—classification and terminology (International 
Organization for Standardization, 2011). ISO 9999:2011 was intended to establish "a definitive 
guide to terminology in this area" (p. ii). The Standard adopted an overarching term of assistive 
products which included assistive devices (definition 2.3). It did not define assistive technology 
(AT), nor AT devices; terms which are widely used in North America and in our studies (Friesen et 
al., 2013; Friesen, Theodoros, et al., 2015a, 2015c; Scherer, 2003). Unfortunately, the standard also 
introduced additional definitions for assistive products used for showering, or commodes. For 
example, 09 12 03 Commode chairs was defined as "Chairs, with or without castors", used "for 
toileting away from the bathroom" (International Organization for Standardization, 2011) (p. 26). 
09 33 03 Bath/shower chairs with and without wheels was defined with reference to wheels but not 
castors, and for use in bathing and showering, but not toileting (International Organization for 
Standardization, 2011) (p. 31). Commode chairs with wheels rather than castors, shower chairs with 
castors rather than wheels, and mobile commodes used over the toilet, were therefore not strictly 
defined in ISO 9999:2011.  
3.4.4 Conclusions 
Problems with terminology have potential to affect research and policy development in this 
important area (Cottenden et al., 2005; Fader, 2002; Friesen et al., 2013). For example, a Danish 
study on long-term AT needs of adults with SCI, 10–15 years’ post-injury, found that 69% of 
respondents used "toilet and bath" aids, however included commodes, shower chairs on wheels, and 
toilet seats in the definition (Biering-Sørensen et al., 2009). A recent Australian study found high 
levels of dissatisfaction with "shower chairs" but did not distinguish these from "commodes" which 
were also identified as problematic by respondents (Harvey et al., 2012). We encourage researchers 
to provide clear definitions and descriptions of assistive technologies, products, and devices under 
investigation. This would significantly improve the quality of evidence available to policy makers, 
researchers and clinicians in this important area of SCI rehabilitation. 
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Chapter 4: Use, performance and features of mobile shower commodes: 
perspectives of adults with spinal cord injury and expert clinicians 
 
4.1 CONTEXT OF CHAPTER 4 WITHIN THE CURRENT THESIS 
Chapter 3 presented an exploratory review of literature associated with the clinical 
assessment, design, and performance testing of MSCs used by adults with SCI. In terms of the 
present thesis, this addressed Research Aim A1, and also addressed Portney and Watkins’ (2009) 
recommendations for a comprehensive reading of the professional literature as the first step in 
research efforts. The exploratory literature review located little published research on the design or 
evaluation of MSCs used by adults with SCI. Although Australian CPGs were located, these were 
not standardised and had not undergone external validation. The exploratory literature review 
highlighted the lack of evidence available to clinicians and MSC users to guide clinical assessments 
of MSCs during MSC service delivery. It is unclear how features and performance of MSCs for an 
individual user are assessed or specified as part of service delivery processes. These findings are 
consistent with studies elsewhere showing that little is known about how the selection or refinement 
of AT device specifications occurs in practice (Bernd et al., 2009; Friederich et al., 2010; Lenker et 
al., 2013). Overall, results of the exploratory literature review suggested a need for further research 
exploring the use of MSCs by adults with SCI across functional activities such as transfers, 
propelling, bowel management, and showering. Lack of data on MSC designs available in Australia 
also points to a need for studies involving Australian adults with SCI, to explore interactions 
between an adult with SCI, their MSC, and the physical environment. Studies investigating the 
current use and performance of MSCs by adults with SCI, and service delivery in the Australian 
context, are warranted. Moreover, Portney and Watkins (2009) argue that a thorough exploration of 
the topic should include examining clinical practices associated with the topic of interest. 
This chapter presents a qualitative study exploring the use and performance of MSCs from 
the perspective of both adults with SCI, and expert clinicians involved in service delivery, in 
Australia. Consistent with AT service delivery practices across Australia, the study adopts a broad 
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definition of “expert clinicians” that includes Occupational Therapists, Physiotherapists, 
Rehabilitation Engineers, Nurses, and other AT practitioners (Harvey, et al., 2012; Layton, et al., 
2015; Walker, Layton, Astbrink, & Summers, 2012; Walker & Friesen, 2015). The qualitative study 
addresses Research Aim A2 of the thesis, that is, to understand the use of MSCs, the MSCs features 
that facilitate or hinder performance, and the decision-making processes used during MSC 
provision.  
 
Citation 
Friesen, E. L, Theodoros, D., & Russell, T. G. (2015). Use, performance and features of mobile 
shower commodes: perspectives of adults with SCI and expert clinicians. Disability and 
Rehabilitation: Assistive Technology, 10(1), 38–45. doi:10.3109/17483107.2013.832413 
 
Copyright permission has been obtained for inclusion of the text in this thesis. The text has 
been inserted as accepted for publication, with the exception of minor edits, and formatting changes 
to headings, tables and figures. The formatting of references has also been changed to ensure 
consistency throughout the thesis.  
 
4.2 ABSTRACT 
Purpose 
The purpose of this paper is to explore the use of mobile shower commodes (MSCs) by 
adults with spinal cord injury (SCI) and to understand how adults with SCI and expert clinicians 
identify and select MSC designs and features.  
Method 
Interviews were conducted with seven adults with SCI and eight expert clinical prescribers 
using semi-structured guides. Transcripts were analysed thematically using the Policy, Human, 
Activity, Assistance and Technology, and Environment (PHAATE) model as the underpinning 
theoretical framework. 
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Results 
Analysis of the interview transcripts revealed three themes and twelve sub-themes. The 
main themes were: (1) activities, routines, and interacting factors, (2) features for functioning, and 
(3) getting it right. Substantial links existed between and across the themes and subthemes. 
Conclusions 
The use of MSCs by adults with SCI is complex. MSC performance varies across activities, 
and during interactions between the user, the MSC, other assistive technologies, assistance and 
physical environments. Future studies should explore service delivery processes and develop 
validated clinical assessment instruments and outcome measures for MSC provision. 
Implications for Rehabilitation 
• MSC use is complex, involving nine distinct activities and three types of routines. 
• MSCs used by Australian adults with SCI are individualised to users and include 
customisations and custom-made components. 
• Trialling individualised MSCs prior to funding is problematic and not reflected in 
assistive technology service delivery models. 
• Validated clinical instruments for assessing and selecting MSC features are needed. 
 
4.3 INTRODUCTION 
Mobile shower commodes (MSCs) are an assistive technology (AT) device often prescribed 
for adults with spinal cord injury (SCI) (Friesen et al., 2013; McIntosh et al., 2005). Although 
terminology varies (Friesen et al., 2013), MSCs generally consist of a waterproof chair, on wheels, 
with a seat designed to facilitate positioning and use over the toilet (Friesen et al., 2013; McIntosh 
et al., 2005; Queensland Spinal Cord Injuries Service, 2012). Typically, MSCs feature movable or 
removable arm supports to facilitate transfers and repositioning, and are available with folding 
frames for storage and transport (Friesen et al., 2013). Previous studies have reported problems with 
non-use, safety, and dissatisfaction (Malassigné, Nelson, Amerson, Saltzstein, et al., 1993; 
Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Nelson et al., 1993; Nelson et al., 1994), and 
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proposed new MSC designs better suited to this population (Malassigné et al., 2000; Nelson et al., 
2000). In Australia, clinical practice guidelines (CPGs) recommend individualising MSC designs 
and features for users through customisations and custom-made components (c.f. (McIntosh et al., 
2005; Queensland Spinal Cord Injuries Service, 2012; Queensland Spinal Cord Injury Service, 
2012a, 2012b, 2012c, 2012d, 2012e, 2012f, 2012g)). Customisations are options commercially 
available from the manufacturer (Standards Australia / Standards New Zealand, 2009), such as 
alternative frame sizes and wheel configurations (Friesen et al., 2013). Custom-made components 
are those designed and fabricated to meet a specific individual’s needs (Therapeutic Goods 
Administration, 2012). These include a frame modification to remove a portion of the seat rail that 
inhibits hand access underneath the seat, and hand-made padded MSC seats (Friesen et al., 2013; 
McIntosh et al., 2005; Queensland Spinal Cord Injuries Service, 2012; Queensland Spinal Cord 
Injury Service, 2012a, 2012b, 2012c, 2012d, 2012e, 2012f, 2012g). Although resources to guide 
clinical assessment and MSC design exist (McIntosh et al., 2005; Queensland Spinal Cord Injuries 
Service, 2012; Queensland Spinal Cord Injury Service, 2012a, 2012b, 2012c, 2012d, 2012e, 2012f, 
2012g), little is known about how MSCs are used, nor the MSC features that facilitate use and 
performance (Friesen et al., 2013).  
Increasingly, researchers are calling for studies that capture the use of AT devices in real 
world settings (Berg Rice, 2008; Hoenig, Giacobbi, & Levy, 2007; Martin et al., 2011). 
Understanding how AT devices perform in real world environments is important for ensuring 
“ecologic validity” during AT device design and assessment (Berg Rice, 2008) (p. 154). This 
suggests studies on MSCs should explore their use and performance in the home environment 
(Biering-Sørensen et al., 2009; Friesen et al., 2013; Harvey et al., 2012). Separately, researchers and 
clinicians are seeking to understand the process of AT device selection and refinement during 
service delivery (Bernd et al., 2009; Friederich et al., 2010; Lenker et al., 2013; Martin et al., 2011). 
Such studies are needed to improve AT design, develop best practice frameworks for AT device 
selection, and provide a high standard of AT provision (Bernd et al., 2009; Bridgelal Ram et al., 
2008; Martin et al., 2011). Although many AT service delivery models incorporate refinement of 
AT device specifications (Cook & Hussey, 1995; Cooper, 2007; Lenker et al., 2012), little is known 
about how selection occurs in practice (Bernd et al., 2009; Friederich et al., 2010; Lenker et al., 
2013). Studies examining the perspectives of users (Bernd et al., 2009; Bridgelal Ram et al., 2008; 
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Lenker et al., 2013; Martin et al., 2011) and clinicians (Friederich et al., 2010; Mortenson & Miller, 
2008) in the selection processes are needed. 
The aims of this study are to explore the use of MSCs, to understand how adults with SCI 
and expert clinicians identify and select MSC designs and features, and how these affect MSC 
performance. The study has been guided by three specific research questions: 
 
1. How do adults with SCI interact with their MSC during the major functional activities 
described in the literature i.e. transfers, propelling and manoeuvring, bowel care, and 
showering? 
2. What features of MSCs facilitate or hinder performance of these activities across the 
environments of use?  
3. How do expert clinicians and adults with SCI make decisions about the design and 
features of MSCs? 
 
4.4 METHODS 
4.4.1 Theoretical framework 
The Policy, Human, Activity, Assistance and Technology, and Environment (PHAATE) 
model (Cooper, 2007) was selected as the theoretical framework underpinning this study. PHAATE 
is a conceptual model that identifies factors to be considered when designing AT devices and 
developing AT service delivery systems (Cooper, 2007). As with other conceptual models, the 
PHAATE model facilitates a heuristic understanding of factors affecting AT device use and 
performance (Arthanat et al., 2007; Bernd et al., 2009). The PHAATE model comprises a Human at 
the centre of the model, the Activity, and Environment in which the activity occurs. The model 
includes both Assistance and Technology, recognising that AT may be used in conjunction with 
Assistance through paid personal attendant care or unpaid care (Cooper, 2007). For adults with SCI, 
the need for assistance changes with time post –injury (Biering-Sørensen et al., 2009; Kemp, 2002), 
and may affect AT selection and use over time (Biering-Sørensen et al., 2009). The model also 
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acknowledges the impact of policy on funding and reimbursement for AT and AT services (Cooper, 
2007; Walker, Layton, Astbrink, & Summers, 2012). Across Australia, differences exist in 
availability of services for adults with SCI (Cox et al., 2001; Kemp, 2002; Middleton et al., 2008), 
including those for AT prescription, funding and ongoing maintenance (Harvey et al., 2012). These 
may influence the selection and use of MSCs by adults with SCI and require exploration in this 
study. 
4.4.2 Participants 
Expert clinicians who prescribe MSCs for adults with SCI, and adults with SCI who use 
MSCs for bowel care and showering, were recruited between October 2011 and October 2012. 
Expert clinicians were recruited via the Australian Rehabilitation and Assistive Technology 
Association (ARATA) and Australian Spinal OT listservs, and through an advertisement in the 
Spinal Cord Injuries Australia magazine, ACCORD (Spinal Cord Injuries Australia, n.d.). Inclusion 
criteria were five or more years’ experience in prescribing MSCs for adults with SCI. Consistent 
with AT service delivery practices across Australia that allow a range of health practitioners to 
prescribe AT, there were no restrictions on clinical qualification or current type of employment 
(Harvey et al., 2012; Walker et al., 2012). Samples of the recruitment advertisements are provided 
in Appendix B and Appendix C. The Participant Information Sheet and Participant Consent Form 
for expert clinicians are shown in Appendix D. 
Adults with SCI were recruited via advertisements through the ARATA listserv, SCI 
Australia forum, and ACCORD. Inclusion criteria were (a) 18 years of age or older, (b) use of 
MSCs for bowel care and showering, and (c) three or more years’ post-spinal cord injury. This 
temporal demarcation post-SCI was chosen as studies suggest it takes between two and four years 
to adjust to life post-injury (Nunnerley, Hay-Smith, & Dean, 2013). Further, Australian CPGs 
recommend replacing custom-made padded MSC seats every one to two years (McIntosh et al., 
2005; Queensland Spinal Cord Injuries Service, 2012) and we hoped to explore this as part of the 
study. A sample of the recruitment advertisements for adults with SCI is shown in Appendix C. The 
Participant Information Sheet and Participant Consent Form for adults with SCI are shown in in 
Appendix E.  
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4.4.3 Interview guides 
Semi-structured interviews were the primary method of data collection. Separate interview 
guides were developed for adults with SCI (Appendix F) and expert clinicians (Appendix G) who 
prescribe MSCs. Questions were based on the PHAATE model and the first author's professional 
experience in assessing wheeled mobility and MSCs for adults with SCI. Questions were organised 
thematically around four major activities identified in the literature: transfers, propelling and 
manoeuvring, bowel care and showering (Friesen et al., 2013). The interview guides remained 
flexible to allow for fluency of discussion and exploration of issues not previously identified in the 
literature (Finlay, 2011). 
4.4.4 Data collection 
A total of seven adults with SCI and eight expert clinicians were interviewed for the study. 
Two pairs of clinicians were interviewed together resulting in a total of thirteen interviews. Nine 
interviews were conducted via Skype, two via telephone, and two were face-to-face interviews. On 
average, interviews with clinicians lasted 54 minutes (range: 32 to 68 minutes), and interviews with 
adults with SCI lasted 57 minutes (range: 30 to 92 minutes). All interviews were recorded using an 
Olympus 650 digital recorder and transcribed verbatim by the first author. Pseudonyms were used 
for all participants and identifying information such as service provider names was removed from 
the final transcriptions. The first author conducted all interviews and took field notes, which 
included the interview date and time, location, telecommunications technology used, technical 
problems and impressions of the interview. The first author also kept reflective notes during the 
research process (Finlay, 2011). 
4.4.5 Data analysis 
Transcriptions were analysed using six phases of thematic qualitative analysis: (a) 
familiarising oneself with the data, (b) generating initial codes, (c) searching for themes, (d) 
reviewing themes, (e) defining and naming themes, and (f) producing a report (Braun & Clarke, 
2006). Data analysis began immediately following the interviews using NVivo 9 Software (QSR 
International, St Kilda, Australia). As additional transcripts were completed, new codes were 
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generated where necessary and previously-analysed interviews were re-coded. The first author 
coded the data, developed initial themes and identified illustrative examples from the transcripts. 
The remaining authors provided feedback through the coding and analysis process. Similar codes 
were grouped together into themes, both within and across participant groups. Conceptual 
understandings of MSC use and performance were then developed. 
4.4.6 Trustworthiness strategies 
Six trustworthiness strategies were employed to ensure rigour in the study. First, the 
perspectives of multiple stakeholders were considered by recruiting both adults with SCI and expert 
clinicians from around Australia. This allowed a broad picture of the phenomenon under study 
(Finlay, 2011). Second, participants were selected using well-defined inclusion and exclusion 
criteria to ensure credibility. Third, the findings were independently reviewed by the second and 
third authors, both of whom have extensive experience in rehabilitation research involving 
participants with disabilities. Fourth, the first author used field and reflective notes to understand 
how prior experience influenced the research process and impacted on the objective analysis of data 
(Finlay, 2011). Fifth, two adults with SCI and two expert clinicians involved in the study reviewed 
a synthesis of the themes and all indicated their general agreement with the findings. Finally, the 
authors reviewed the study using Braun and Clarke's (2006) 15–point checklist of criteria for good 
thematic analysis prior to publication. 
4.4.7 Ethics 
The study protocol was approved by a university medical research ethics committee prior to 
data collection (Appendix A). Recruitment advertisements were posted with permission from 
listserv owners (Appendices B and C). All participants gave informed consent prior to recruitment 
into the study (Appendices D and E).  
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4.5 RESULTS  
Details of the seven adults with SCI and eight expert clinicians who participated in the study 
are shown in Table 6 and Table 7 respectively. Analysis of the interview transcripts revealed three 
themes and twelve sub-themes. There were substantial links between and across the themes and 
subthemes. 
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Table 6 Participant characteristics and MSC features for adults with SCI 
Pseudonym Age Gender Current 
SCI level 
Years 
post-SCI 
Location/s Customised features of MSC and seat Custom-made features of MSC and seat 
Alison 25 Female T9 8 Regional city, 
capital city 
Folding frame, large rear wheels Under-seat access on right, seat with 'bite' 
on right. 
Chris 59 Male T5 6 Regional city Non-folding frame, large rear wheels, 
movable armrests 
Under-seat access on right, seat with 'bite' 
on right 
Glen 49 Male T5 4 Capital city Folding frame, large rear wheels, movable 
armrests 
Under-seat access on right, seat with 'bite' 
on right 
Ian 49 Male C3–4 30 Capital city Non-folding frame, rear castors, tilt-in-
space 
Raised movable armrests, under-seat access 
on right, seat with 'bite' on right and full cut 
out at rear 
Karen 32 Female C5 3 Capital city Folding frame, large rear wheels, under-
seat access at front, seat with cut-out at 
front. 
Folding frame, large rear wheels, under-
seat access at front, seat with cut-out at 
front 
Matt 37 Male C2 8 Regional city Non-folding frame with removable back 
support, rear castors, movable armrests, 
tilt-in-space 
Under-seat access at front, seat with cut-out 
at front 
Olivia 42 Female T8 27 Regional city Folding frame, movable armrests, non-
standard rear wheels 
Position of large rear wheels, seat with no 
bite or cut-out 
Note: C = cervical; MSC = mobile shower commode; SCI = spinal cord injury; T = thoracic.   
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Table 7 Participant characteristics for experts in SCI rehabilitation 
Pseudonym Years’ experience in SCI 
rehabilitation 
Type of employment Clinical 
qualification 
Location 
Belinda 15 Private Practice OT Capital city 
Cheryl 5 Specialist SCI in-patient service OT Capital city 
Gillian 12 Specialist SCI in-patient service OT Capital city 
Ingrid 5 Specialist community service OT Regional city 
Kelly 9 Specialist community service OT Regional city 
Mary 5 Specialist community service OT Capital city 
Prue 5 Specialist community service OT Capital city 
Rebecca 7 Specialist community service OT Capital city 
Note. OT = occupational therapist; SCI = spinal cord injury. 
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4.5.1 Theme 1: Activities, factors, and routines 
This theme identified nine activities that were performed in MSCs, which were affected by 
six interacting factors. Activities could then be grouped into three distinct types of routines.  
4.5.1.1 Nine activities 
In addition to the four activities described in the literature (transfers, propelling and 
manoeuvring, bowel care and showering), five new activities emerged from the data: 
 
• (Un)dressing and drying involved tasks performed on the MSC either before or after 
showering and bowel care, such as removing underwear or other clothing once 
positioned over the toilet (prior to bowel care), towelling off and donning a shirt (after 
showering).  
• (Re)positioning included stabilising or changing the body posture between other 
activities, and repositioning the body to manage low blood pressure (e.g. raising the 
feet) or skin integrity (e.g. conducting a pressure lift or engaging the tilt mechanism). 
• MSC cleaning, inspection and maintenance involved tasks to keep the MSC clean and 
in working condition. It included rinsing and drying the MSC after every use, regular 
cleaning to remove faeces from the frame and hair from the castors, inspecting the MSC 
and seat for damage and wear, and replacing perishable items such as wheel bearings 
and the seat.  
• Preparing for travel included tasks such as removing and packing the lower leg 
supports, armrests, seats and other removable components, folding the MSC frame and 
loading the MSC into a travel bag (for air travel) or directly into a van or car. This 
activity also included gathering specific information from accommodation providers on 
room designs and toilet dimensions. 
• Other activities was used to categorise tasks which were not part of any of the eight 
activities already identified, and included cleaning teeth and shaving at a basin. 
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Clinicians Mary, Kelly, and Rebecca expressed concern that some users undertook activities 
with their MSCs that were better suited to a wheelchair, such as smoking, eating breakfast, reading, 
and drinking tea or coffee. Two users provided insight into this. Bowel care for Ian and Alison took 
around one and a half hours and both considered reading a regular part of the process. Ian drank a 
cup of warm tea or coffee because it was known to aid bowel care. Mary reflected that users 
sometimes ate breakfast while waiting for enemas "to get things moving".  
4.5.1.2 Six interacting factors 
For each activity, successful completion and performance was dependent on a unique 
combination of five additional factors shown in Figure 2: the user (in terms of their functional 
abilities and their choice of what, if any, activities they wanted to complete independently), paid or 
unpaid assistance from caregivers, features of the MSC itself, interactions with the physical 
environment, additional AT devices, and policy implications (such as funding rules for caregivers 
and access to SCI and AT services). Across activities, these components could be contradictory: 
what helped completion and performance for one activity could inhibit or prevent performance in 
another. For example, the height of large rear wheels needed for propelling meant they protruded 
above the seat and made sliding transfers from the bed difficult. Users, with assistance from 
clinicians, made choices and compromises about which activities, and therefore which MSC 
features, were a higher priority. In Belinda’s experience as a clinician, "That’s why commode 
prescriptions take three hours because they change their functional goals depending on how that 
influences their life".  
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Figure 2 Six interacting factors affecting MSC use 
Note. AT = assistive technology. 
 
 
 
4.5.1.3 Three routines 
Activities could be grouped together into three distinct types of routines: the “usual” 
routines conducted at home, routines associated with planned travel away from home, and 
temporary routines that emerged due to unexpected or unanticipated changes in one or more 
activities.  
All users described usual routines, at home, that included transfers, propelling and 
manoeuvring, bowel care and, on some days, showering. Clinicians stressed the importance of 
understanding these routines in detail. Some users included MSC cleaning in their usual routine, for 
example while using the shower. Ian described the process by saying "I can shift around enough on 
the commode seat and cushion to ensure that when I leave the shower recess that not only am I 
clean but the commode is clean". Clinicians observed that most users and carers didn’t perceive 
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regular MSC cleaning as a priority. However, as Cheryl noted, users may lack "the physical ability 
or resources to clean their commode on a regular basis". While users acknowledged that ongoing 
MSC maintenance, including seat replacement, should be part of their usual routine, clinicians 
believed service delivery policies made this difficult. As Rebecca explained,  
 
… nobody has the capacity to replace a seat every 12 months. You’d have to be 
perpetually on a therapy waiting list, that might be longer than 12 months, to actually be 
seen by a clinician, to evaluate your commode seat, re-prescribe it, then waiting for the 
funding again. (Rebecca, OT) 
 
Routines for travel were generally modified versions of the usual routine involving bowel 
care at home, but included the activity preparing for travel. Temporary routines were associated 
with unplanned and often urgent requirements for assistance from an existing paid caregiver or 
unpaid assistance from a family member. Breakdowns of MSCs or seats were one cause of 
temporary routines. Matt explained the urgency saying "when things go wrong, you need help 
straight away". For clinicians, this resulted in high priority referrals for which service planning was 
difficult. As Ingrid lamented, "you just can’t fix a problem quickly. Our supplier is in [another city], 
so it can take, like, a month, to get [replacements]". Other causes of temporary routines reported by 
users were changes in bowel motions due to illness or medications (Glen and Chris), changes to the 
physical environment through moving house (Ian and Alison), and problems with new MSCs once 
they were delivered (Chris and Glen).  
4.5.2 Theme 2: Features for functioning  
This theme described features of MSCs and seats that enabled functionality. Only one user, 
Karen, used a fully custom-made MSC manufactured by a local wheelchair manufacturer. Although 
all remaining MSCs described by participants were one of two commercially-available brands, no 
two MSCs were the same (Table 6). All MSC frames were customised to some degree for the 
individual users, and almost all had custom-made features.  
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4.5.2.1 Under-seat access 
Under-seat access to the user’s bowel by either the user, or a carer, was achieved through 
two custom-made modifications (Table 6). The first was a modification to the MSC frame along the 
seat rail, to remove frame components that impeded hand access. The second was either a full 
opening or 'bite' in the seat design in a location that matched the frame modification. All 
participants reported that the location and design of the under-seat access were determined during 
clinical assessments, and then specified in a prescription with the supplier. Mary explained that 
getting the location of the under-seat access right was crucial, saying "it’s such a specific thing for 
people’s independence". Locating the frame and seat modification on the side was common, but 
was complicated by the position of large rear wheels and location of the armrests. As Kelly noted, 
some users found it easier to access the perianal region from the front or back "because you’re not 
having to negotiate the wheels, you’re able to come a lot closer to the client". Belinda described two 
examples of this, one where the user leaned forward and "almost put his chest on his knees”, and a 
second where the user “went back and came from behind". 
4.5.2.2 Seat design and durability 
All participants described the importance of custom-made seats that accommodated a user's 
pelvis and facilitated under-seat access. Seats were constructed with a plywood base, foam and/or 
gel cushioning materials that wrapped around the inside edge of the aperture, and a vinyl or 
Dartex™ cover. Most users had a clear preference for a “cut out” or “bite” in the seat shape (Table 
6). Chris had trialled a complete cut out, but changed to a bite with larger aperture to gain better 
under-seat access. Olivia had tried a cut out without success, saying "I basically fell through".  
Seat durability was a major concern, and most participants worried about how quickly seats 
deteriorated through use. Tears in the cover, water ingress, and foam degradation were the main 
problems identified. Mary and Belinda thought the manufacturers’ warranty, limited to three and six 
months respectively, was too short and worried that clinicians would be expected to replace seats 
that frequently. Other participants expected seats to last eight to twelve months (Olivia), twelve 
months (Prue & Rebecca), one to two years (Karen), eighteen months to two years (Glen), or two 
years (Ian & Cheryl) before needing replacement. 
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4.5.2.3 Supportive and movable armrests 
Like many independent users, Olivia described how important armrests were to her by 
saying "I’ve got to have that … armrest to help me transfer and to help me adjust once I’m on the 
chair". Movable, rather than removable, armrests that didn’t interfere with independent transfers 
were preferred (Table 6). For users with higher level SCIs, armrests were important for stability and 
prevented overbalancing when carers lifted body parts during showering.  
4.5.2.4 Large rear wheels or castors 
Clinicians and users felt strongly that users with the functional capacity and desire to self-
propel – even for only short distances – should be prescribed large rear wheels. Participants found 
independent propelling more difficult and less efficient than in a manual wheelchair, as the wheels 
were too low and too far back. Cheryl explained this in terms of propulsion technique: "[users] are 
only really … getting a grip and pushing a few centimetres at a time. You can’t … get a good 
technique going, or a good kind of force happening". As a user, Glen noted that the wheels got 
slippery and lost grip. Large rear wheels were also slippery on tiled floors when some users 
transferred. For users’ dependent on carers for propelling and manoeuvring, large rear wheels were 
considered better for manual handling. Ian explained this in reference to his new MSC which had 
rear castors, saying "it’s difficult to get up the little wedge at the bathroom door, because of the four 
small wheels. That’s made it tougher for the carers and I need to do something about that". 
4.5.2.5 Portability  
Folding frames were a common customisation for portability, however most participants 
reported that folding frames compromised everyday use, particularly since it was incompatible with 
tilt-in-space. Ian and Matt, two frequent travellers with higher level SCIs, chose tilt-in-space for 
positioning during transfers, and repositioning to manage fatigue and postural hypotension, over the 
portability of a folding frame. Karen prioritised portability, and had developed alternative strategies 
to manage fatigue and postural hypotension. Alison, who had unexpectedly moved house, had 
chosen a portable MSC. In her experience, the folding frame MSC was more difficult to manoeuvre. 
Karen said "… since I’ve moved into this new rental place and need to get over much bigger ledges 
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and steeper ramps, I’m sort of regretting basing it on that decision". Folding frames were also 
paradoxically heavier. Rebecca noted with some irony that she could "recommend a folding frame 
one so they can travel, and then it’s so heavy you can’t lift it".  
4.5.2.6 Size and fit 
Fitting the MSC beside the bed, through doorways, and in the shower and toilet was critical, 
especially for users whose houses had not been modified to accommodate MSCs. Most MSCs were 
high enough to fit over standard toilets, however toilets varied considerably in the size and shape of 
the toilet and cistern, and distance between the cistern and the wall. Ian implored others to check 
"… not only with the height of the [toilet] pan, but how far forward the pan is. Or how far back the 
chair can be pushed". As Glen noted, "it’s hard when you’re going to use the commode in a variety 
of different toilet bowel settings" such as rental accommodation or when travelling. Many reported 
that "accessible" toilets in "accessible" accommodation were significantly higher than standard 
toilets and less likely to accommodate a user’s MSC.  
4.5.3 Theme 3: Getting it right 
This theme described the challenges and difficulties of getting the design of MSCs and seats 
right during the process of MSC prescription.  
4.5.3.1 Expert reflection 
Users and clinicians used reflection to understand, negotiate and resolve the many 
contradictions and compromises inherent in designing MSC and selecting features. Users were 
experts in how they used their MSCs, how it worked in their home environment, and what 
compromises they made in MSC features. Some, like Olivia, wanted no changes from a previous 
MSC and seat: "I made sure the dimensions were basically the same, and that it could be fitted with 
the 20” wheels". In contrast, Ian wanted something "completely different”, as “… there’s been a 
few challenges with my [old] chair". His main goal was to make it easier for carers with tilt-in-
space and other features to improve hoist-assisted transfers and positioning. 
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Clinicians, as experts in SCI rehabilitation, reflected on each client as an individual, and 
how functional goals around activities translated into specific MSC features. Belinda’s experience 
was common, explaining "I see my role as a therapist, to be able to understand what the difference 
in a list of features are, and what the functional implications are, and then not mediate the client’s 
goal, but allow them to adjust their functional goal to be more realistic". Significantly, only two 
clinicians used assessment instruments or checklists as part of the process. No participants reported 
using formal outcome measures or assessments. 
4.5.3.2 Who’s involved?  
Participants identified a number of stakeholders involved in selecting MSCs. Users were 
central to the process, and most took an active role in articulating their needs for MSC and seat 
features. Nurses and longer-term carers were consulted if they assisted with bowel care. Suppliers 
and manufacturers were always involved. Users Alison and Ian worked directly with suppliers to 
get new seats, without the support of a clinician. Gillian, an in-patient clinician, worked closely 
with seat manufacturers and suppliers to develop and trial prototypes in the in-patient ward.   
While all expert clinicians were involved directly in some MSC prescriptions, clinicians also 
reported acting as consultants to locally-based, often less experienced clinicians. The majority of 
participants reported that MSCs and seat referrals were usually made to, and lead by, local clinical 
services. Expert clinicians provided advice only if the local clinician, or the user, requested it. Mary 
said users in regional areas asked her for advice "… because they don’t have as much support from 
a community [clinician]". Two clinicians and three users had worked with local clinicians who had 
no experience in SCI. Three clinicians and three users described resolving complex problems with 
newly delivered MSCs and seats. In all cases, the original prescribing clinician had not been 
informed of post-delivery problems and was no longer involved. Alison's experience was 
representative of the user perspective, "I didn’t even really tell the OT that prescribed it for me how 
useless it … sort of was and um … I just sort of, you know, figured out what needed to be done to 
make it work". Mary suggested that clinician turnover was also a problem, saying "the original 
therapist no longer works in that [geographical] area". 
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4.5.3.3 “It’s just a guess”  
This theme was named for a statement from Rebecca, a clinician in the study. She described 
difficulties in changing MSC features such as the location of under-seat access, the rearward 
position of large wheels, or the overall MSC height, for individual users. Most participants reported 
that trialling MSCs in an exact custom configuration was difficult, if not impossible, during clinical 
assessments. Suppliers arranged for manufacturing of the MSC and/or seat prescription once 
funding was secured. All clinicians, and most users, reported experiences where aspects of the MSC 
or seat design was different to what they had anticipated. As Rebecca explained, "[supplier] reps 
don’t do much customisations, and they just take it back as numbers, and send it back to the 
manufacturer …". The resulting design "depends on the [supplier] rep’s description of what you 
asked for" (Rebecca). Prue indicated it was often hard to predict how proposed design specifications 
would "ripple through to everything else". While all users reported adjusting to the resulting MSC 
designs, all clinicians described situations where MSCs were unusable and required substantial 
modifications or replacement. Cheryl described one such experience, saying "the manufacturer said 
‘yes, yes that’s fine’, and when it’s come back to us, they’re worried about the stability of the chair. 
So that you know, they put the castors out at some strange angle and then further out, and now the 
hoist won’t actually work with it". Cheryl reported the manufacturer was now resolving the design, 
at their expense. However, Mary and Rebecca reported instances where the only solution was to 
seek funding for a new MSC and seat. 
4.6 DISCUSSION 
This study explored the use of MSCs by adults with SCI, the features that facilitate or hinder 
performance, and decisions about MSC frames and seats, from the perspective of users and expert 
clinicians. Five activities identified in this study ((un)dressing and drying; (re)positioning; MSC 
cleaning, inspection and maintenance; preparing for travel; and other activities) have not been 
identified in previous work (Friesen et al., 2013). Similarly, the grouping of activities into three 
distinct routines (usual, travel, and temporary) has not been previously reported (Friesen et al., 
2013). Both findings require further validation.  
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Overall, the five factors of the PHAATE model (Cooper, 2007) appeared to capture the 
relevant factors affecting MSC design and performance. However, the results suggested the MSC, 
other AT, and Assistance required assessment as separate factors, rather than the single factor of 
Assistance and Technology (Cooper, 2007). Further, it appears an understanding of policies, 
assistance, other ATs, physical environment, and MSC features is needed for each activity, in order 
to identify contradictions and compromises in MSC features that must be resolved in the final 
design.  
The process for refining MSC frame and seat specifications appeared variable, with 
participants relying on observations and experience rather than standardised assessment 
instruments. This is consistent with findings elsewhere in the AT literature (Bernd et al., 2009; 
Friederich et al., 2010; Lenker et al., 2013; Mortenson & Miller, 2008). Given the high levels of 
customisation and custom-made MSC frames and seats reported, efforts to validate existing 
assessment instruments across jurisdictions (Queensland Spinal Cord Injuries Service, 2012; 
Queensland Spinal Cord Injury Service, 2012a, 2012b, 2012c, 2012d, 2012e, 2012f, 2012g), or 
develop new assessment instruments, should be prioritised to guide clinical practice (Berg Rice, 
2008; Bridgelal Ram et al., 2008; Friederich et al., 2010; Friesen et al., 2013; Walker et al., 2012). 
This is especially urgent if, as our findings suggest, MSCs are prescribed by clinicians with limited 
expertise in AT provision (Walker et al., 2012) and SCI rehabilitation (Middleton et al., 2008). Both 
areas are considered specialist fields of expertise, and models of service delivery linking less-skilled 
clinicians to networks and mentors across vast geographical areas are suggested in the Australian 
context (Cox et al., 2001; Middleton et al., 2008; Walker et al., 2012). Studies are needed to explore 
how such service delivery models work in practice, and how consistency in service delivery quality 
can be achieved (Lenker et al., 2013; Lenker et al., 2012; Walker et al., 2012).  
As expected, the home was the primary environment of MSC use (Biering-Sørensen et al., 
2009; Harvey et al., 2012) and recommendations to assess the user's routine at home (McIntosh et 
al., 2005; Queensland Spinal Cord Injuries Service, 2012), rather than in controlled laboratories 
(Berg Rice, 2008) or clinical settings (Bridgelal Ram et al., 2008; Hoenig et al., 2007), appear 
warranted. Difficulties in conducting home-based assessments across large geographical areas are 
noted in the literature (Cox et al., 2001; Middleton et al., 2008), and may necessitate assessments 
via telehealth and telerehabilitation platforms (Cooper, 2007; Cox et al., 2001). 
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While this study did not explore AT service delivery and AT device provision processes per 
se, our findings suggest that provision of customised and custom-made MSCs may not follow the 
usual processes described in the literature. Lenker et al. (2013) summarise these processes as AT 
assessment, recommendation, funding approval, device assembly, and training (p. 3). In this study, 
specifications for MSC frames and seats were developed and recommended by the users, suppliers 
and clinicians, but were not manufactured until after funding was secured. For many participants, 
the device assembly stage was actually the first opportunity to trial individualised MSC frame and 
seat configurations such as location of the under-seat access, seat design and wheel height. 
Unanticipated problems such as incompatibility with the physical environment or other AT only 
became apparent at this point. From a design perspective, this process more closely resembles a 
formative AT design phase where deficiencies in a working prototype are identified and addressed 
prior to (usually large scale) manufacturing (Berg Rice, 2008; Bridgelal Ram et al., 2008; Magnier 
et al., 2012). This finding requires further exploration, since realistic trials of functioning 
prototypes, with all required specifications, appears problematic across the AT literature (Berg 
Rice, 2008; Bridgelal Ram et al., 2008; Lenker et al., 2013; Walker et al., 2012). For MSCs, it also 
reinforces the importance of short– or long–term follow up to determine if the AT system needs 
review (Berg Rice, 2008; Harvey et al., 2012) or is affected by dissatisfaction and non-use over 
time (Martin et al., 2011). Follow up, preferably using validated outcomes measurements, is a 
crucial part of AT service delivery (Cook & Hussey, 1995; Lenker et al., 2012; Walker et al., 2012) 
and appeared lacking in this study. Studies indicate clinicians may lack time and resources for 
follow up (Biering-Sørensen et al., 2009; Lenker et al., 2005; Middleton et al., 2008), especially 
where home visits are required (Cox et al., 2001; Middleton et al., 2008). Development and 
validation of outcome measures deliverable remotely, such as through telehealth and 
telerehabilitation platforms, should therefore be considered (Cooper, 2007; Cox et al., 2001). 
Tasks identified as part of travel routines, particularly in information gathering with respect 
to accommodation, are consistent with other studies on accessible travel (Burnett & Baker, 2001). 
Dimensions of the toilet and cistern, bed height, and overall space are important variables for MSC 
users, and should be included in information requirements for accessible accommodation which are 
currently under development (Darcy, 2010). Overall dimensions of MSCs could be made available 
to users post-MSC purchase, using measurement protocols in an existing published standard 
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(Standards Australia / Standards New Zealand, 2009). The impact of temporary routines on users 
and service providers requires further investigation as few studies have explored the negative 
consequences of AT breakdown (McClure et al., 2009).  
The MSC frames described in this study incorporated features identified in previous work 
(Friesen et al., 2013) including under-seat access to the perianal area (Malassigné, Nelson, 
Amerson, Saltzstein, et al., 1993; Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Malassigné 
et al., 2000; McIntosh et al., 2005; Nelson et al., 2000; Queensland Spinal Cord Injuries Service, 
2012), shapes that fit over a toilet (Malassigné, Nelson, Amerson, Saltzstein, et al., 1993; 
Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Malassigné et al., 2000; Nelson et al., 2000; 
Queensland Spinal Cord Injuries Service, 2012; Standards Australia / Standards New Zealand, 
2009), supportive and movable arm supports (Malassigné, Nelson, Amerson, Saltzstein, et al., 1993; 
Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Malassigné et al., 2000; McIntosh et al., 
2005; Nelson et al., 2000; Standards Australia / Standards New Zealand, 2009), and folding frames 
for portability (Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Malassigné et al., 2000; 
McIntosh et al., 2005; Nelson et al., 2000; Queensland Spinal Cord Injuries Service, 2012; 
Standards Australia / Standards New Zealand, 2009). Propelling in wet environments remain a 
concern for both users and clinicians (Malassigné, Nelson, Amerson, Saltzstein, et al., 1993; 
Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Malassigné et al., 2000; McIntosh et al., 
2005; Nelson et al., 2000; Standards Australia / Standards New Zealand, 2009). Participants’ 
descriptions of seat designs were consistent with Australian CPGs (McIntosh et al., 2005; 
Queensland Spinal Cord Injuries Service, 2012; Queensland Spinal Cord Injury Service, 2012a, 
2012b, 2012c, 2012d, 2012e, 2012f, 2012g), however work is needed to understand the design and 
manufacturing processes for custom-made seats (Solo, 2006; Therapeutic Goods Administration, 
2012), and to standardise existing seat design templates across jurisdictions (Queensland Spinal 
Cord Injury Service, 2012a, 2012b, 2012c, 2012d, 2012e, 2012f, 2012g). Durability of seats, 
especially where water ingress may accelerate foam degradation (Evans, 2006), also requires 
investigation. 
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4.6.1 Limitations 
This study had a number of limitations that should be acknowledged. Perspectives of 
multiple stakeholders were considered by recruiting both adults with SCI and expert clinicians from 
around Australia. However, the overall sample size was small and experiences of one participant 
may not be representative of a larger cohort of users or expert clinicians in the same service 
delivery or funding jurisdictions. The study did not investigate the views of less experienced 
clinicians and users, nor other health professionals and service providers involved in MSC 
provision. Although the inclusion criteria placed no limitations on clinical qualification or current 
type of employment for expert clinicians, OTs were the only clinical discipline represented in the 
sample. Also, no attempt was made to match the experiences of users and expert clinicians across 
the same clinical assessment and provision episode. Finally, all coding was completed by the first 
author, and the inter-rater reliability across multiple investigators was not established.  
4.7 CONCLUSIONS 
The use of MSCs by adults with SCI is complex. MSCs use and performance varies across 
activities and during interactions between the user, the MSC, other AT, assistance, and the physical 
environment. Some MSC features are incompatible, and features facilitating performance of one 
activity may inhibit performance of another. Clinical assessments and selection of MSC frames and 
seats rely on observation and experience of participants, and not standardised assessment 
instruments and processes. Further studies are needed to understand how MSC specifications are 
assessed and refined, and how this relates to published models of AT device provision and service 
delivery. Development and validation of clinical assessment instruments, including outcome 
measures deliverable remotely through telehealth and telerehabilitation platforms, should be a focus 
of future studies.   
 76 
Chapter 5: Testing usability of mobile shower commodes for adults with spinal 
cord injury: research method and overview 
 
5.1 CONTEXT OF CHAPTER 5 WITHIN THE CURRENT THESIS 
The exploratory literature review presented in Chapter 3, and the qualitative interview study 
presented in Chapter 4, identified that no instruments are available to measure MSC usability, nor 
evaluate outcomes after MSC service delivery. The result suggests that efforts to develop new 
assessment instruments should be prioritised to guide clinical practice and service delivery. 
Research Aim A3 seeks to address this gap by utilising results of the exploratory literature review 
and qualitative interview study to develop a new questionnaire which evaluates MSC usability. 
Developing valid and reliable instruments, such as questionnaires, requires rigorous 
approaches (Crocker & Algina, 1986; Portney & Watkins, 2009). Literature appraised as part of the 
exploratory literature review (Chapter 3) showed that human factors and ergonomics approaches 
have previously guided MSC research and informed MSC design (Friesen et al., 2013). However, it 
appears that these approaches have not extended to development of usability-related assessment 
instruments or questionnaires (Friesen et al., 2013). Indeed, the human factors and ergonomics 
literature describes few standardised approaches for developing usability-related instruments 
(Bridgelal Ram et al., 2008). Conversely, disciplines such as the health sciences have well-
established methodologies for developing valid and reliable measurement scales (Crocker & Algina, 
1986; Portney & Watkins, 2009).  
This chapter presents a standardised methodology for developing instruments, including 
questionnaires. The methodology draws from the health sciences literature, and is based on standard 
recommendations for developing health measurement and test scales (Crocker & Algina, 1986; 
Portney & Watkins, 2009). The proposed methodology for developing an MSC-specific usability 
scale includes five stages: 
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1. Establish the research objectives (Portney & Watkins, 2009); 
2. Review existing instruments (Portney & Watkins, 2009); 
3. Develop and construct the new questionnaire (Berg Rice, 2008; Crocker & Algina, 
1986; Portney & Watkins, 2009); 
4. Determine the psychometric properties of the questionnaire through field testing 
(Crocker & Algina, 1986; Portney & Watkins, 2009); and  
5. Report psychometric and administrative properties of the questionnaire (Lenker et al., 
2005; Portney & Watkins, 2009) 
 
Results of Stages 1 and 2 of the methodology are reported in this chapter. Activities 
associated with the Stages 3 to 5 of the methodology are briefly described in this chapter, and more 
fully reported in subsequent chapters within the present thesis.  
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5.2 ABSTRACT 
This paper provides an overview of research to develop a new questionnaire testing mobile 
shower commode usability. It describes the methodology used to develop the questionnaire, and 
reports significant findings that have been published in peer-reviewed journals. Implications of the 
research and recommendations for further research on MSC usability are discussed. 
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5.3 INTRODUCTION 
Adults with spinal cord injury (SCI) use a range of assistive technologies (ATs) for activities 
of daily living (Biering-Sørensen et al., 2009; Harvey et al., 2012). Mobile shower commodes 
(MSCs) are AT devices that facilitate intimate hygiene, mobility, and management of neurogenic 
bowels associated with SCI (Ford et al., 2014; Friesen et al., 2013; Friesen, Theodoros, et al., 
2015c; Queensland Spinal Cord Injuries Service, 2012). Although research has shown problems 
with MSC safety, dissatisfaction, and non-use (Biering-Sørensen et al., 2009; Friesen et al., 2013; 
Harvey et al., 2012), few validated instruments exist to guide MSC design, assessment, 
specification, and service delivery (Ford et al., 2014; Friesen et al., 2013; Queensland Spinal Cord 
Injuries Service, 2012).  
Separately, the usability of AT and medical devices is increasingly gaining research 
attention (Arthanat et al., 2007; Berg Rice, 2008; Bridgelal Ram et al., 2008; Cooper, 2007; Friesen, 
Theodoros, et al., 2015a, 2015c; Lenker et al., 2005). Usability describes interactions between a 
product or device, the user, the activities or goals, and the context of use (Arthanat et al., 2007). 
Usability is assessed through either usability evaluation by non-users (e.g. AT practitioners) 
(Friesen, Theodoros, et al., 2015a; Friesen, Theodoros, & Russell, 2015b), or usability testing with 
users (Berg Rice, 2008). Self-report questionnaires are often used for usability testing (Berg Rice, 
2008; Bridgelal Ram et al., 2008; Friesen, Theodoros, et al., 2015a), and to evaluate outcomes of 
AT service delivery (Lenker et al., 2005). This paper provides an overview of research to develop a 
new questionnaire to test MSC usability. It begins by summarising the methodology for 
questionnaire development, and describing the research objectives and review of research to date. It 
then reports significant findings at each stage. Implications of the research and recommendations 
for future work are discussed. 
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5.4 METHODOLOGY TO DEVELOP A NEW QUESTIONNAIRE 
The methodology is based on standard recommendations for development of health 
measurement and test scales (Crocker & Algina, 1986; Portney & Watkins, 2009), and includes five 
stages: 
 
1. Establish the research objectives (Portney & Watkins, 2009); 
2. Review existing instruments (Portney & Watkins, 2009); 
3. Develop and construct the new questionnaire by: 
a. Determining user preferences for the questionnaire's format (Berg Rice, 2008; 
Crocker & Algina, 1986; Portney & Watkins, 2009); 
b. Selecting methods for identifying usability indicators to develop an item bank 
(Berg Rice, 2008; Crocker & Algina, 1986; Portney & Watkins, 2009); 
c. Constructing a preliminary questionnaire (Portney & Watkins, 2009); 
d. Assessing content validity (Crocker & Algina, 1986; Portney & Watkins, 
2009); and  
e. Constructing the final questionnaire (Portney & Watkins, 2009); 
4. Determine the psychometric properties of the questionnaire through field testing 
(Crocker & Algina, 1986; Portney & Watkins, 2009); and  
5. Report psychometric and administrative properties of the questionnaire (Lenker et al., 
2005; Portney & Watkins, 2009). 
 
Each stage of the research is described in the following sections. 
5.4.1 Stage 1: Establish the research objectives for the questionnaire 
This stage involves establishing the overall research objectives, including the primary 
purpose of the questionnaire, its target population and proposed format, and the theoretical 
underpinnings of the research (Crocker & Algina, 1986; Portney & Watkins, 2009). The overall 
research objective for the present study is to develop a valid, reliable and clinically relevant 
instrument that tests the usability of MSCs.  
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The primary purpose of the questionnaire is to test usability of MSCs, for adults with SCI 
who use MSCs for showering and / or bowel management. The format is an electronic, self-report 
questionnaire. Three factors have influenced these choices. First, AT researchers emphasise the 
need to test usability in contexts of use, rather than in controlled laboratory or clinical settings (Berg 
Rice, 2008; Bridgelal Ram et al., 2008). For MSCs, use is likely to occur in the user’s home 
(Biering-Sørensen et al., 2009; Friesen, Theodoros, et al., 2015c). Rehabilitation services for 
Australian adults with SCI operate over large geographical distances (Cox et al., 2001; Middleton et 
al., 2008), and remote service delivery is recommended (Cox et al., 2001; Kemp, 2002; Middleton 
et al., 2008). Self-report questionnaires lend themselves to remote administration through electronic 
modes and dedicated telerehabilitation platforms (Cooper, 2007; Cox et al., 2001; Friesen, 
Theodoros, et al., 2015c). Second, Australian research suggests that MSCs have unique 
customisations and custom-manufactured components to address individual users' needs (Friesen, 
Theodoros, et al., 2015a, 2015c). MSC use, and therefore usability, is complex and highly 
individualised (Friesen, Theodoros, et al., 2015a, 2015c). Complex and multi-dimensional aspects 
of usability can only be captured by subjective report (Arthanat et al., 2007). Third, activities 
associated with MSC use include showering, intimate hygiene, and bowel management (Biering-
Sørensen et al., 2009; Ford et al., 2014; Gooch, 2003), and are therefore of a “sensitive nature” 
(Portney & Watkins, 2009) (p. 327). Adults with SCI and AT practitioners may be unwilling to 
participate in potentially intrusive observational assessments (Gooch, 2003). While self-report 
questionnaires have potential for bias and inaccuracy, for example through recall bias (Portney & 
Watkins, 2009), research indicates that adults with SCI are able to accurately report AT use 
(Biering-Sørensen et al., 2009). Self-report formats are therefore appropriate in this context 
(Portney & Watkins, 2009). 
Making explicit the theoretical underpinnings of research in rehabilitation sciences is crucial 
to understanding how variables or factors are interrelated (Portney & Watkins, 2009). There is also 
a need to establish a consistent set of domains associated with AT usability (Arthanat et al., 2007; 
Lenker et al., 2005). Previous work has identified a range of variables associated with AT usability 
(Arthanat et al., 2007; Lenker et al., 2005). A recent systematic review of outcomes used in AT 
research identified 144 separate variables across 82 studies associated with AT device use and 
usability (Lenker et al., 2005). These included a set of 17 user-oriented criteria developed by 
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Batavia and Hammer (1990), and refined set of 11 criteria developed by Wessels et al. (2004). More 
recent efforts have also focused on mapping AT usability to the unified definition of usability from 
International Organization for Standardization (ISO) 9249–11:1998 Guidance on usability 
(Arthanat et al., 2007; International Organization for Standardization, 1998). This Standard defines 
usability as "the extent to which a product can be used by specified users to achieve specified goals 
with effectiveness, efficiency, and satisfaction, in a specified context of use" (International 
Organization for Standardization, 1998) (definition 3.1). For AT, usability is a function of both the 
characteristics, functions, and features of the AT device, and use of the AT device in terms of the 
user’s activity needs, abilities, skills, expectations, and contexts of use (Arthanat et al., 2007). This 
definition has been selected to underpin questionnaire development (Friesen, Theodoros, et al., 
2015a).  
With the definition of usability established, an existing theoretical frameworks of AT device 
design and service delivery is needed to develop a heuristic understanding of the elements of AT 
usability, and how those elements interact for MSCs (Arthanat et al., 2007). Two prominent 
theoretical models of AT design have been used previously in AT usability research: Scherer’s 
Matching Person with Technology (MPT) model (Scherer & Cushman, 2000) and the Human, 
Activity and Assistive Technology (HAAT) model (Cook & Hussey, 1995). A third model, the 
Policy, Human, Activity, Assistance and Technology, and Environment (PHAATE) model (Cooper, 
2007), has been used in an earlier study on MSC use (Friesen, Theodoros, et al., 2015c). The 
models are described briefly below. 
Scherer’s (2000) MPT model describes interactions between the Milieu (environment), the 
Person (user), and the Technology (AT device). The MPT emerged from a grounded theory study of 
psychosocial factors associated with AT device utilisation (Scherer & Cushman, 2000). It has been 
operationalised using the Assistive Technology Device Predisposition Assessment (Lenker & 
Paquet, 2003; Scherer & Craddock, 2002) and six other assessment instruments (Scherer & 
Craddock, 2002). The MPT model focuses on a person’s personality, temperament, and preferences, 
the salient characteristics of the AT, and the expectations, support, and opportunities available 
(Scherer & Cushman, 2000). The MPT is designed to evaluate the match between the user and an 
AT device in their current circumstances (Scherer & Craddock, 2002; Scherer & Cushman, 2000). 
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The HAAT model, developed by Cook and Hussey (1995), is based on Bailey’s (1996) 
model of Human Performance. The HAAT model describes the Human, the Activity, the AT device, 
and the context of use as the constituting elements of AT device systems. The human is the user of 
AT and operator of the AT system. The human brings experience, skills, and abilities across the 
physical, cognitive, and affective domains. The activity occurs in the domains of self-care, 
productivity, or leisure. The human (user) determines the meaning of the activity and its 
characterization as either self-care, productivity or leisure. The context of use (environment) 
includes physical conditions and social and cultural contexts (Lenker & Paquet, 2003). AT is an 
intrinsic enabler, providing performance possibilities for people with disabilities. The HAAT model 
is considered a holistic and consumer-oriented model that emphasises the uniqueness of every AT 
system (Lenker & Paquet, 2003). 
The PHAATE model describes factors to be considered in AT design and AT service 
delivery (Cooper, 2007). The PHAATE model includes the Human, Activity and Environment in 
which the activity occurs. It also explicitly outlines two additional factors relevant to SCI 
rehabilitation: Policy and Assistance and Technology (Friesen, Theodoros, et al., 2015c). Policy can 
significantly availability impact on availability of rehabilitation services across jurisdictions 
(Cooper, 2007; Cox et al., 2001; Kemp, 2002; Middleton et al., 2008), and funding for AT devices, 
service delivery, and ongoing maintenance (Biering-Sørensen et al., 2009; Cooper, 2007; Harvey et 
al., 2012). The importance of Assistance (for example, through paid personal attendant care or 
unpaid care), is well documented in SCI rehabilitation and community reintegration (Biering-
Sørensen et al., 2009; Friesen, Theodoros, et al., 2015c; Kemp, 2002). The type and amount of 
Assistance required changes with time post -injury (Biering-Sørensen et al., 2009; Friesen, 
Theodoros, et al., 2015c; Kemp, 2002), and when other factors identified in the model change 
(Friesen, Theodoros, et al., 2015c). This can affect the selection and use, and hence usability, of 
MSCs (Biering-Sørensen et al., 2009; Friesen, Theodoros, et al., 2015c). Based on these 
considerations, the PHAATE model appears appropriate to underpin development of the 
questionnaire testing MSC usability (Arthanat et al., 2007; Friesen, Theodoros, et al., 2015c).  
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5.4.2 Stage 2: Review existing instruments 
In this step, existing instruments are reviewed to ascertain if any have potential for use, or 
could be adapted for use (Portney & Watkins, 2009). Two issues have been identified for AT and 
MSC usability testing: use of generic or AT device-specific questionnaires; and stages in the 
product development or service delivery process where usability should be tested.  
Researchers in AT outcomes recommend that questionnaires be AT device-specific 
(Bridgelal Ram et al., 2008; Lenker et al., 2005), and clearly describe characteristics of the users’ 
disability or impairments (Arthanat et al., 2007; Bridgelal Ram et al., 2008; Lenker et al., 2005). 
Notwithstanding the need for specificity, developing and validating new questionnaires is complex 
and time consuming, and using or adapting existing instrument may be preferable (Portney & 
Watkins, 2009).  
Research has identified at least three points during AT design and development and service 
delivery where usability testing could occur: formative design and development, summative design 
and development, and during iterative AT refinement and specification with individual users. 
Usability testing is common during in AT design and development, as part of formative product 
testing (Bridgelal Ram et al., 2008; Choi & Sprigle, 2011; Magnier et al., 2012). The market for AT 
devices is relatively small (Borisoff, 2010; Choi, 2011; Simpson, 2010), and AT production occurs 
in small manufacturing runs (Choi, 2011). Both AT device-specific, and generic, questionnaires 
have been developed test prototype AT devices, with people with a range of disabilities, prior to 
commercialisation (Berg Rice, 2008; Choi, 2011; Magnier et al., 2012). 
Usability testing can also occur after short– or long–term AT use. This can be considered 
summative usability testing, where evaluation occurs after the design is complete and/or 
commercially available (Israelski, 2010). Many outcomes are measured at this point in AT service 
delivery, and questionnaires are increasingly used for this purpose (Lenker et al., 2005). Usability 
testing could help determine if changes to the AT system are needed (Arthanat et al., 2007; 
Arthanat, Wu, et al., 2009; Berg Rice, 2008; Harvey et al., 2012; Lenker et al., 2005), and provide a 
means of demonstrating evidence-based outcomes in AT provision (Arthanat et al., 2007; Arthanat, 
Wu, et al., 2009; Lenker et al., 2005). Follow up, for example by an AT practitioner, has been 
shown to reduce dissatisfaction and non-use of AT devices use over time (Arthanat et al., 2007; 
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Arthanat, Wu, et al., 2009; Lenker et al., 2005; Martin et al., 2011). In jurisdictions where AT 
devices are considered Class 1 medical devices, usability testing could provide valuable data for 
manufacturers, suppliers, clinicians, and policy makers on the safety and durability of AT devices 
(Berg Rice, 2008; Bridgelal Ram et al., 2008; Cooper, 2007; Hobson et al., 2007). A number of AT 
device-specific questionnaires measuring aspects of use and usability have been developed, and 
some are validated with well-defined population subgroups (Lenker et al., 2005). However, the 
most widely used outcome measure appears to be the Quebec User Evaluation of Satisfaction with 
assistive Technology, Version 2 (QUEST 2.0) (Demers, Weiss-Lambrou, & Ska, 2002a), which is 
designed as a generic measure suitable for use with a wide range of AT devices and user groups. 
Although the QUEST 2.0 measures satisfaction, it may not capture all aspects of AT device 
usability relating to specific AT devices or user needs. Another measure, the Occupational Therapy 
Functional Assessment Compilation Tool (OT FACT), measures satisfaction and objectively 
observed performance, but does not capture other user-defined aspects of use or usability (R. O. 
Smith, 2002). 
A unique aspect of AT design and service delivery is the "potential need to individualize the 
[AT] device during manufacture to fit the user" (Choi & Sprigle, 2011) (p. 37). AT devices such as 
MSCs may require customisations with options that are commercially available from the 
manufacturer or supplier, or custom-made components, to meet an individual user's needs (Friesen 
et al., 2013; Friesen, Theodoros, et al., 2015c; Therapeutic Goods Administration, 2012; Walker & 
Friesen, 2015). Moreover, there may be a number of similar AT devices (such as alternative brands 
or models) that could be configured to meet a user's individual needs (Cooper, 2007; Friesen, 
Theodoros, et al., 2015c; Layton et al., 2015; Lenker et al., 2013; Simpson, 2010; Walker & 
Friesen, 2015). Previous research on MSCs, and other AT devices, suggests an iterative process 
occurs that includes assessment and refinement of options prior to the recommendation and 
specification of a recommended AT solution (Cooper, 2007; Friesen, Theodoros, et al., 2015c; 
Layton et al., 2015; Lenker et al., 2013; Simpson, 2010; Walker & Friesen, 2015). The process has 
been likened to a formative product development process, even though it occurs after 
commercialisation (Friesen, Theodoros, et al., 2015c). Assessment of usability at this stage has been 
described as “usability–for–one” (Friesen, Theodoros, et al., 2015b), abbreviated as “U41”. 
Obtaining user feedback through this phase is crucial (Cook & Hussey, 1995; Cooper, 2007; Layton 
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et al., 2015; Lenker et al., 2013; Simpson, 2010; Walker & Friesen, 2015). Research shows that a 
lack of user involvement during AT device selection and refinement is associated with 
dissatisfaction and non-use or discontinuance of use in the longer term (Bridgelal Ram et al., 2008; 
Friesen, Theodoros, et al., 2015c; Martin et al., 2011; Scherer & Craddock, 2002; Simpson, 2010). 
Currently, questionnaires measuring usability or other outcomes do not appear capable of 
distinguishing or discriminating between commercialised prototypes (Berg Rice, 2008; Bridgelal 
Ram et al., 2008). Conversely, generic usability questionnaires used in product development, such 
as the modified System Usability Scale (SUS), are designed to discriminate between prototypes 
(Bangor, Kortum, & Miller, 2008), but have not yet been validated with AT devices (Bangor et al., 
2008; Kortum & Bangor, 2013). The extent to which they could capture identified aspects of MSC 
use and usability is not known. Development of a new questionnaire that can discriminate between 
prototypes during MSC service delivery appears warranted. 
5.4.3 Stage 3: Develop and construct the new questionnaire 
A series of five phases are proposed for developing and constructing the questionnaire 
(Friesen, Theodoros, et al., 2015a): 
 
a. Determining user preferences for the questionnaire's format (Berg Rice, 2008; 
Mortenson et al., 2007); 
b. Developing an item bank of usability indicators (Berg Rice, 2008; Crocker & 
Algina, 1986; Portney & Watkins, 2009); 
c. Constructing a preliminary questionnaire (Portney & Watkins, 2009);  
d. Assessing content validity (Crocker & Algina, 1986; Portney & Watkins, 
2009); and  
e. Constructing the final questionnaire (Portney & Watkins, 2009). 
 
Researchers on AT outcomes strongly suggest involving AT users in development of 
instruments measuring outcomes (Berg Rice, 2008; Mortenson et al., 2007). Emerging research 
suggests that goals and outcomes associated with AT use, including in the domain of usability, may 
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be understood differently by AT practitioners and AT users (Friesen, Theodoros, et al., 2015a; 
Lenker et al., 2013; Mortenson et al., 2007). For this research, preferences for the questionnaire’s 
format have been solicited during interviews with adults with SCI and expert clinicians who 
prescribe MSCs (Friesen, Theodoros, et al., 2015a, 2015c). Most participants indicated support for a 
format comprising questions on both MSC features and MSC performance during completion of 
activities (Friesen, Theodoros, et al., 2015a). These preferences have framed questionnaire 
development (Friesen, Theodoros, et al., 2015a).  
Crocker and Algina (1986) outline six methods identifying the construct or domain being 
assessed, in order to generate a bank of indicators: content analysis, critical incidents, direct 
observations, instructional objectives, review of research, and expert judgment. Of these, two have 
been selected based on considerations outlined in the research objectives (Stage 1): reviewing 
relevant literature on MSCs for adults with SCI (Ford et al., 2014; Friesen et al., 2013; Queensland 
Spinal Cord Injuries Service, 2012), and soliciting exert judgments of adults with SCI and expert 
clinicians (Friesen, Theodoros, et al., 2015a, 2015c). Indicators of MSC usability have been 
extracted and classified according to the two components of AT device usability identified earlier: 
characteristics, functions, and features of MSCs; and MSC performance in activities and contexts of 
use (Arthanat et al., 2007; Arthanat, Wu, et al., 2009). 
Development of the questionnaire then involves reviewing the item bank, and using 
consensus approaches to construct a draft questionnaire (Friesen, Theodoros, et al., 2015a). A small 
panel of expert clinicians have been recruited to assess the questionnaire’s content validity (Friesen, 
Theodoros, et al., 2015a). Analysis has revealed content validity indices of valid or highly valid for 
all items in the questionnaire (Friesen, Theodoros, et al., 2015a). The final questionnaire, named the 
electronic Mobile shower commode ASsessment Tool (eMAST 1.0), is published as a supplementary 
annex in a peer-reviewed journal (Friesen, Theodoros, et al., 2015a). It is also available online at 
http://goo.gl/eS0HfU 
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5.4.4 Stage 4: Determine the psychometric properties of the questionnaire through field 
testing  
A previous study on psychometric properties of instruments used in AT research has suggest 
at least two properties as having relevance to a self-report questionnaire: test–retest reliability and 
construct validity (Lenker et al., 2005). Testing concurrent validity against existing AT outcomes 
measures may also be possible if suitable measures relating to AT use and usability can be 
identified (Crocker & Algina, 1986; Lenker et al., 2005; Portney & Watkins, 2009). The QUEST 
2.0 (Demers et al., 2002a) has been used previously in validation work on instruments for 
summative satisfaction testing (Arthanat, Wu, et al., 2009). The modified SUS has been used for 
validation work in usability testing of prototypes (Bangor et al., 2008). Both measures therefore 
show promise for validation work on the eMAST 1.0. 
5.4.5 Stage 5: Report psychometric and administrative properties of the questionnaire 
Researchers recommend reporting psychometric and administrative properties of new 
questionnaires to facilitate uptake and use in practice (Crocker & Algina, 1986; Lenker et al., 2005; 
Portney & Watkins, 2009). Summaries of the research objectives (Stage 1), and outcomes of the 
review of literature (Stage 2), are reported here. Development and construction of the new 
questionnaire (Stage 3) is reported elsewhere (Friesen, Theodoros, et al., 2015a). Psychometric 
evaluation will be completed (Stage 4) and reported as part of the first author’s doctoral thesis 
(Stage 5). Guidelines for the questionnaire’s administration, scoring and interpretation of results 
will also be developed. These will be reported through practice-based presentations to AT 
practitioners to ensure the questionnaire is available for use in SCI rehabilitation. 
5.5 CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE RESEARCH 
This paper provides an overview of research to develop a questionnaire testing MSC 
usability, using a standard methodology for developing health measurement and test scales. Its 
development addresses the need for valid and reliable questionnaires to guide MSC design, 
assessment, and refinement as it relates to usability. The questionnaire may be used to provide 
evidence of usability required by manufacturers, suppliers, clinicians, and policy makers to comply 
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with medical device regulations (Berg Rice, 2008; Bridgelal Ram et al., 2008; Cooper, 2007; 
Hobson et al., 2007). 
Although the research is not yet completed, three key areas for future work have been 
identified. First, guidelines for administration, scoring, and interpretation of results of the new 
questionnaire should also be developed and reported (Crocker & Algina, 1986; Lenker et al., 2005). 
Such information is useful in evaluating and selecting instruments for use in clinical practice. 
Second, development of the questionnaire has focused on MSCs used by Australian adults with SCI 
(Friesen et al., 2013; Friesen, Theodoros, et al., 2015a, 2015c). Future studies could focus on design 
and service delivery of MSCs in different jurisdictions and service delivery settings, as well as 
preferences of adults with SCI in those settings. Finally, further research could explore use of the 
new questionnaire during MSC service delivery. Earlier research suggests usability is not 
considered during MSC assessment, design, and prescription or specification (Friesen et al., 2013; 
Friesen, Theodoros, et al., 2015c). The processes by which customised or custom-made MSCs are 
designed, assessed, and refined, at least in the Australian setting, are not known. “Usability–for–
one”, or “U41”, has been proposed to describe the focus on usability during this iterative process 
(Friesen, Theodoros, et al., 2015b). Empirical evaluation of U41, as it relates to MSCs, is needed to 
provide greater insight into the assessment and design of MSC used by adults with SCI. Together, 
these efforts would improve current understandings of MSC use and usability, and help to address 
issues of safety, dissatisfaction, and non-use that have been reported.  
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Chapter 6: Development, construction, and content validation of a questionnaire 
to test mobile shower commode usability 
 
6.1 CONTEXT OF CHAPTER 6 WITHIN THE CURRENT THESIS 
The primary original contribution of the thesis is the development of a valid, reliable, and 
clinically relevant questionnaire that tests usability of MSCs for adults with SCI. This contribution 
is incorporated into Research Aims A3 and A4 of the thesis, which are to (1) utilise results of the 
exploratory literature review and qualitative interview study to develop a new questionnaire that 
evaluates MSC usability, and (2) assess the new questionnaire's psychometric properties.  
Chapter 5 presented a five-stage methodology for developing measurement and test scales, 
including questionnaires, drawn from the health sciences literature. The first two stages in this 
methodology were completed and reported in detail in the previous chapter (Chapter 5): 
establishing the research objectives for the questionnaire (Stage 1), and reviewing existing 
instruments (Stage 2). Chapter 6 (this chapter) describes the development and construction of the 
new questionnaire (Stage 3 of this methodology). The development and construction work 
associated with Stage 3 involves five phases (Friesen, Theodoros, et al., 2015a): 
 
a. Determining user preferences for the questionnaire's format (Berg Rice, 
2008; Mortenson et al., 2007); 
b. Developing an item bank of usability indicators (Berg Rice, 2008; Crocker & 
Algina, 1986; Portney & Watkins, 2009); 
c. Constructing a preliminary questionnaire (Portney & Watkins, 2009);  
d. Assessing content validity (Crocker & Algina, 1986; Portney & Watkins, 
2009); and  
e. Constructing the final questionnaire (Portney & Watkins, 2009). 
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Content validation, which occurs in Phase d of this methodology, is one of the psychometric 
properties identified in Research Aim A4. Results reported in this chapter therefore contribute to 
this research aim. 
 
Citation 
 
Friesen, E. L., Theodoros, D. and Russell, T. G. (2015). Development, construction, and content 
validation of a questionnaire to test mobile shower commode usability. Topics in Spinal 
Cord Injury Rehabilitation, 21(1), 77–86. doi:10.1310/sci2101-77 
 
Copyright permission has been obtained for inclusion of the text in this thesis. The text has 
been inserted as accepted for publication, with the exception of minor edits, and formatting changes 
to headings, tables and figures. The formatting of references has also been changed to ensure 
consistency throughout the thesis. A copy of the eMAST-1.0 has been reproduced with permission 
in Appendix H.  
 
6.2 ABSTRACT 
Background 
Usability is an emerging domain of outcomes measurement in assistive technology 
provision. Currently, no questionnaires exist to test the usability of mobile shower commodes 
(MSCs) used by adults with spinal cord injury (SCI). 
Objective 
To describe the development, construction, and initial content validation of an electronic 
questionnaire to test MSC usability for this population. 
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Methods 
The questionnaire was constructed using a mixed-method approach in five phases: (a) 
determining user preferences for the questionnaire's format, (b) developing an item bank of 
usability indicators from the literature and judgement of experts, (c) constructing a preliminary 
questionnaire, (d) assessing content validity with a panel of experts, (e) and constructing the final 
questionnaire.  
Results 
The electronic Mobile shower commode ASsessment Tool Version 1.0 (eMAST 1.0) 
questionnaire tests MSC features and performance during activities identified using a mixed-
methods approach and in consultation with users. It confirms that usability is complex and 
multidimensional. The final questionnaire contains 25 questions in three sections. The eMAST 1.0 
demonstrates excellent content validity as determined by a small sample of expert clinicians. 
Conclusion 
The eMAST 1.0 tests usability of MSCs from the perspective of adults with SCI, and may 
be used to solicit feedback during MSC design, assessment, provision, and ongoing use. Further 
studies assessing the eMAST 1.0’s psychometric properties, including studies with users of MSCs, 
are needed.  
Keywords 
assistive technology device, AT, mobile shower commodes, outcome measures, telehealth, 
telerehabilitation, usability 
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6.3 INTRODUCTION 
In spinal cord injury (SCI) rehabilitation, mobile shower commodes (MSCs) are often 
prescribed to facilitate showering, bowel care, and mobility (Biering-Sørensen et al., 2009; Ford et 
al., 2014; Friesen et al., 2013; Friesen, Theodoros, et al., 2015c; Harvey et al., 2012; Nelson et al., 
2000; Spinal Outreach Team, 2013). Generally, an MSC is a waterproof chair, on wheels, with a 
seat designed to allow hand access to the perianal region for digital stimulation and stool removal 
(Friesen et al., 2013; Friesen, Theodoros, et al., 2015c). Studies on MSCs for adults with SCI have 
identified concerns about MSC usability, safety, dissatisfaction, and non-use (Biering-Sørensen et 
al., 2009; Friesen et al., 2013; Friesen, Theodoros, et al., 2015c; Harvey et al., 2012; Nelson et al., 
2000). Despite this, few instruments exist to guide design, assessment, and provision of MSCs for 
adults with SCI (Ford et al., 2014; Friesen et al., 2013; Friesen, Theodoros, et al., 2015c; Spinal 
Outreach Team, 2013). 
Increasingly, researchers, policy makers, and funders of assistive technology (AT) such as 
MSCs are demanding evidence of outcomes achieved through provision (Arthanat et al., 2007; 
Harvey et al., 2012; Lenker et al., 2013; Lenker et al., 2005). This includes obtaining user feedback 
during AT design and selection (Berg Rice, 2008; Bridgelal Ram et al., 2008; Martin et al., 2011), 
and after short– or long–term use (Arthanat et al., 2007; Berg Rice, 2008; Harvey et al., 2012; 
Martin et al., 2011). Some jurisdictions classify AT as Class 1 medical devices and require evidence 
of outcomes for device registration, product monitoring and ongoing market surveillance (Berg 
Rice, 2008; Bridgelal Ram et al., 2008; Cooper, 2007; Magnier et al., 2012).  
In recent years, usability has emerged as an exclusive domain of outcomes in medical (Berg 
Rice, 2008; Bridgelal Ram et al., 2008) and AT (Arthanat et al., 2007; Arthanat, Wu, et al., 2009; 
Lenker et al., 2005) devices research. Conceptually, usability draws from human factors and 
ergonomics literature, focusing on interactions between the user, the device or product, and the 
environment during performance of tasks or activities (Arthanat et al., 2007; Berg Rice, 2008; 
Lenker et al., 2005). The International Organization for Standardization (ISO) defines usability as 
“the extent to which a product can be used by specified users to achieve specified goals with 
effectiveness, efficiency, and satisfaction, in a specified context of use” (ISO 9241–11:1998, 
definition 3.1) (International Organization for Standardization, 1998). For AT devices, goals relate 
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to the performance of activities when using the device (Arthanat et al., 2007). Effectiveness is the 
user's perceived consistency in performing activities using the AT device, while efficiency is the 
perceived ease, comfort, speed, accuracy, and effort with which activities are performed using the 
AT device (Arthanat et al., 2007). Satisfaction with the AT device is derived from the effectiveness 
and efficiency with which the user can participate in activities (Arthanat et al., 2007). The usability 
of AT devices is therefore a function of the characteristics, functions, and features of the AT device, 
and performance of the device across the user’s activity needs, abilities, skills, expectations, and 
contexts of use (Arthanat et al., 2007).  
Usability of AT is generally assessed through usability inspections and usability testing. 
Usability inspections are undertaken by expert non-users of the device or product (Berg Rice, 
2008), such clinicians (e.g. occupational therapists, physiotherapists, and speech pathologists), 
rehabilitation engineers, AT designers, suppliers and manufacturers, and representatives of funding 
organisations (e.g. insurance companies, not-for-profit charities, and government programs) (Berg 
Rice, 2008; Cooper, 2007). Usability inspections can occur, for example, during clinical 
assessments in AT device service delivery.  
Usability testing focuses on users of the device (Berg Rice, 2008), such as a person with a 
disability or impairment, and paid or unpaid caregivers (Cooper, 2007). Questionnaires are often 
used to solicit feedback from the users' point of view (Arthanat, Wu, et al., 2009; Berg Rice, 2008; 
Magnier et al., 2012). Questionnaires are generally quick and cost-effective to administer (Berg 
Rice, 2008; Bridgelal Ram et al., 2008), and are useful where time and resources for follow up are 
limited (Biering-Sørensen et al., 2009; Harvey et al., 2012; Lenker et al., 2005; Middleton et al., 
2008). Questionnaires are also deliverable via telerehabilitation and telehealth platforms (Cooper, 
2007; Cox et al., 2001; Friesen, Theodoros, et al., 2015c; Hauber, Michael, Temkin, Vesmarovich, 
& Phillips, 1999; Hoffmann & Cantoni, 2008; Middleton et al., 2008) to allow completion in the 
user's home (Biering-Sørensen et al., 2009; Harvey et al., 2012; Hoffmann & Cantoni, 2008). 
Studies show that adults with SCI can accurately report use of AT (Biering-Sørensen et al., 2009), 
suggesting that complex and multi-dimensional aspects of MSC use can be captured in this way. 
Researchers contend that questionnaires should be AT device-specific (Bridgelal Ram et al., 
2008; Lenker et al., 2013; Lenker et al., 2005), validated for well-defined user groups (Bridgelal 
Ram et al., 2008; Lenker et al., 2013; Lenker et al., 2005), and developed with input from AT 
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device consumers (Berg Rice, 2008; Bridgelal Ram et al., 2008; Lenker et al., 2013; Mortenson et 
al., 2007). Currently, no validated questionnaires exist to assess usability of MSCs for adults with 
SCI (Friesen et al., 2013). The aim of this study is to develop and construct a questionnaire 
assessing MSC usability for adults with SCI, based on the definition from ISO 9241–11:1998 
(International Organization for Standardization, 1998). 
6.4 METHODS 
The questionnaire was developed and constructed using a mixed-method approach in five 
phases:  
 
a. Determining user preferences for the questionnaire's format (Berg Rice, 
2008; Mortenson et al., 2007); 
b. Developing an item bank of usability indicators (Berg Rice, 2008; Crocker & 
Algina, 1986; Portney & Watkins, 2009); 
c. Constructing a preliminary questionnaire (Portney & Watkins, 2009);  
d. Assessing content validity (Crocker & Algina, 1986; Portney & Watkins, 
2009); and  
e. Constructing the final questionnaire (Portney & Watkins, 2009). 
 
The methods are described in terms of the study’s five phases.  
6.4.1 Phase a: Determining preferences for questionnaire format 
Data regarding a possible format for a new questionnaire were collected as part of a larger 
qualitative interview study on use, performance, and features of MSCs for adults with SCI (Friesen, 
Theodoros, et al., 2015c). Full details of the study are reported elsewhere (Friesen, Theodoros, et 
al., 2015c). Briefly, seven adults with SCI and eight Occupational Therapists (OTs) with expertise 
in SCI rehabilitation were recruited through advertisements in Australian SCI- and AT-related 
listservs (Friesen, Theodoros, et al., 2015c) (Appendices B, C, D, and E). Copies of the semi-
structured interview guides are shown in Appendices F and G. During the interviews, participants 
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were asked to comment on three possible formats for a new questionnaire: (i) a list of MSC features 
that users rate on a scale of 1 to 5; (ii) a list of MSC features from which users could choose and 
rate a smaller subset on a scale of 1 to 5; or (iii) a questionnaire requiring users to specify goals or 
outcomes of MSC use across functional activities. Participants were invited to suggest alternative 
formats for a questionnaire. Qualitative data were analysed using six stages of thematic qualitative 
analysis: (a) familiarising oneself with the data, (b) generating initial codes, (c) searching for 
themes, (d) reviewing themes, (e) defining and naming themes, and (f) producing a report (Braun & 
Clarke, 2006), using NVivo 9 Software (QSR International, St Kilda, Australia).  
6.4.2 Phase b: Developing an item bank 
Two methods were employed to develop an item bank of usability indicators: a review of 
research (Crocker & Algina, 1986; Portney & Watkins, 2009), and expert judgement solicited as 
part of the interviews described in Phase a (Crocker & Algina, 1986). Published research, including 
(1) an exploratory literature review (Friesen et al., 2013) and qualitative interview study conducted 
by the authors (Friesen, Theodoros, et al., 2015c), and (2) a clinical assessment instrument 
developed by an SCI rehabilitation service (Spinal Outreach Team, 2013), was reviewed and 
scrutinised for possible usability indicators. Data were extracted into a Microsoft Excel (2010) 
spreadsheet (Microsoft Corporation, Redmond, WA). 
Expert judgments were solicited during the interviews described in Phase a (Friesen, 
Theodoros, et al., 2015c). Participants were considered experts in MSCs based on experiences as 
either users of MSCs for 3 or more years, or as an expert clinician working in SCI rehabilitation 
(Friesen, Theodoros, et al., 2015c). Participants were asked to rate features of ideal MSCs identified 
in published studies (Friesen et al., 2013; Friesen, Theodoros, et al., 2015c), using a scale of 1 (not 
important) to 5 (very important). Quantitative data from a descriptive study where adults with SCI 
and caregivers rated features of ideal MSCs were also extracted into the Microsoft Excel 
spreadsheet (Nelson et al., 1993). 
After removing duplicates and combining similar items, possible usability indicators were 
sorted according to the two components of AT device usability: characteristics, functions and 
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features of MSCs; and MSC performance in activities and contexts of use (Arthanat et al., 2007; 
Arthanat, Wu, et al., 2009). 
6.4.3 Phase c: Constructing the preliminary questionnaire  
A preliminary questionnaire was drafted using qualitative data from Phase a, the item bank 
developed in Phase b, and consultation between the authors. Consideration was given to balancing 
the importance of usability indicators with the overall length of the questionnaire and expected time 
for completion (Berg Rice, 2008; Lenker et al., 2005; Mortenson et al., 2007). 
6.4.4 Phase d: Assessing content validity 
Content validity is defined as the degree to which items in an instrument adequately reflect 
the domain of content being measured (Portney & Watkins, 2009). Five content experts were 
considered adequate for assessing content validity in developing clinical instruments (Wynd, 
Schmidt, & Schaefer, 2003). A panel of clinicians, with expertise in SCI rehabilitation, was 
recruited to assess the questionnaire's content validity (Arthanat, Wu, et al., 2009; Portney & 
Watkins, 2009). Content experts were identified using the recruitment strategies and inclusion 
criteria shown in Table 8. Samples of the recruitment advertisements are shown in Appendix B and 
Appendix C. The Participant Information Sheet and Participant Consent Form are shown in 
Appendix D. 
Content experts were given a copy of the preliminary questionnaire and a statement 
regarding the questionnaire's development (Portney & Watkins, 2009). A standardised content 
evaluation questionnaire was administered via Survey Monkey (https://www.surveymonkey.com). 
The content evaluation questionnaire, developed by Arthanat and colleagues (2009), comprised 
questions assessing the validity of items across the domains of comprehensiveness, item clarity, 
ease of administration and scale clarity, and six questions on overall validity (Table 9). All items 
were measured on a 5–point semantic differentiation scale from 1 = strongly disagree to 5 = 
strongly agree. Opportunities for written comments were also provided (Arthanat, Wu, et al., 2009). 
A statement of approval to use the Content Validation Form is included as Appendix I. 
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Table 8 Recruitment strategies and inclusion criteria for content experts (Phase d) 
Recruitment strategies for Phase d Inclusion criteria for Phase d 
Email invitation sent to the ARATA listserv. 
 
Advertisement in Accord, the journal of Spinal 
Cord Injuries Australia. 
 
Email invitation sent to the Australian Spinal 
OT listserv. 
 
Direct approach to experts who posted MSC-
related advice to the Australian Spinal OT 
listserv. 
Five (5) or more years' experience prescribing 
AT for adults with SCI. 
 
No restrictions on clinical discipline. 
Note. ARATA = Australian Rehabilitation and Assistive Technology Association; MSC = mobile shower 
commode; OT = occupational therapy; SCI = spinal cord injury.  
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Table 9 Content Validation Form  
Item Text of question 
Content domains 
 
Comprehensiveness This section measures the construct / domain of MSC features 
comprehensively. 
 
Item Clarity The items in this section area easy to understand 
 
Item Scale The measurement scale in this section makes it easy to respond to 
the items 
 
Ease of administration This section could be easily administered to respondents (adults 
with SCI) 
Overall content validity 
 
Objective The eMAST measures mobile shower commode usability 
effectively 
 
Relevance The eMAST will be useful for the field of mobile shower 
commode assessment and prescription 
 
Administration The eMAST can be administered or completed in a reasonable 
amount of time 
 
Usefulness (1) The eMAST will be useful for mobile shower commode selection 
 
Usefulness (2) The eMAST is useful for measuring mobile shower commode 
effectiveness 
 
Usefulness (3) The eMAST will be useful in assistive technology outcomes 
research 
Note. All items are measured on a 5–point semantic differentiation scale from 1 = strongly disagree to 5 = 
strongly agree.  
 
Adapted from “Development of the Usability Scale for Assistive Technology-Wheeled Mobility: a 
preliminary psychometric evaluation,” by S. Arthanat, Y. W. B. Wu, S. M. Bauer, J. A. Lenker, and S. M. 
Nochajski, Technology and Disability, 21(3), 2009, p. 82. Copyright 2009 by Informa Press. Adapted with 
permission (Appendix I).   
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Content validity indices (CVIs) were calculated to measure the proportion of agreement 
amongst the content experts using a three-step process. First, item response ratings in the 
standardised content evaluation questionnaire were converted to the content index Likert scale 
(CILS) as follows: 1 = strongly disagree = highly invalid; 2 = invalid; 3 = somewhat valid; 4 = 
valid; 5 = strongly agree = highly valid (Arthanat, Wu, et al., 2009; Wynd et al., 2003). Next, the 
proportion of responses for each rating on the CILS were calculated for all items. Finally, the 
proportion of responses rated either valid or highly valid for each item were summed to give the 
CVIs (Arthanat, Wu, et al., 2009; Wynd et al., 2003). 
Written comments were grouped into three categories for review: content, format and 
general (Arthanat, Wu, et al., 2009). 
6.4.5 Phase e: Constructing the final questionnaire 
Using results from Phase d, the authors constructed the final questionnaire. 
6.4.6 Ethics 
A university medical research ethics committee approved the study protocol (Appendix A). 
All requirements concerning ethical use of human volunteers outlined by the National Health and 
Medical Research Council in Australia, and the authors’ university, were followed during the 
course of this research. All participants gave written informed consent, using forms shown in 
Appendices D and E. 
6.5 RESULTS 
A new questionnaire testing MSC usability was constructed through the five phases of 
study: (a) establishing user preferences for the questionnaire's format, (b) identifying usability 
indicators from literature and expert judgements, (c) constructing the preliminary questionnaire, (d) 
assessing the questionnaire's content validity, and (e) finalising the questionnaire. The results are 
described in terms of these five phases.  
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6.5.1 Phase a: Determining preferences for questionnaire format 
Characteristics of participants in the Phase a interviews are shown in Table 10. Qualitative 
analysis found that all participants supported development of a new questionnaire assessing MSC 
usability. However, participants reported mixed preferences regarding the questionnaire's format. 
Only one participant (an adult with SCI) supported rating every item on a list of all available MSC 
features. Rating a user-selected subset of features initially proved appealing to 88% (n = 7) of 
clinicians and 86% (n = 6) of adults with SCI. Similarly, generating user-determined goals was 
initially supported by 70% of participants. Qualitative analysis of participant comments then 
yielded four themes regarding the format: (i) lists act as prompts, (ii) priorities change, (iii) goals 
and outcomes cause confusion, and (iv) support for a different format. 
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Table 10 Participant characteristics for adults with SCI and experts in SCI rehabilitation 
(Phases a & b)  
 
Characteristics 
Adults with SCI 
(Pseudonym) (n = 7) 
Age, Gender Self-reported SCI level, 
Time post SCI (Years) 
Location/s 
AS 1 
25, Female T9, 8 Regional city & capital city 
AS 2 59, Male T5, 6 Regional city 
AS 3 49, Male T5, 4 Capital city 
AS 4 49, Male C3–4, 30 Capital city 
AS 5 32, Female C5, 3 Capital city 
AS 6 37, Male, C2, 8 Regional city 
AS 7 42, Female T8, 27 Regional city 
    
Experts in SCI 
rehabilitation 
(pseudonym) (n = 8) 
Clinical 
Experience 
(Years) 
Clinical qualification, Type 
of employment 
Location 
    
EC 1 15 OT, Private Practice Capital city 
EC 2 5 OT, Specialist SCI in-
patient service 
Capital city 
EC 3 12 OT, Specialist SCI in-
patient service 
Capital city 
EC 4 5 OT, Specialist community 
service 
Regional city 
EC 5 9 OT, Specialist community 
service 
Regional city 
EC 6 5 OT, Specialist community 
service 
Capital city 
EC 7 5 OT, Specialist community 
service 
Capital city 
EC 8 7 OT, Specialist community 
service 
Capital city 
Note. AS = adult with SCI; C = cervical; EC = expert clinician; OT = occupational therapist; T = thoracic.  
 
Data extracted from “Use, performance and features of mobile shower commodes: perspectives of adults 
with spinal cord injury and expert clinicians,” by E. L. Friesen, D. Theodoros, and T. G. Russell, Disability 
and Rehabilitation: Assistive Technology, 10(1), 2015, p. 40. Copyright by Informa Press (2015).  
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6.5.1.1 Lists acts as prompts 
Most participants expressed reluctance to rate a long list of MSCs features that were either 
unnecessary for activities being performed or not relevant to their needs. Twelve participants (80%) 
indicated that a shorter list of features could be useful for prompting discussions between users and 
clinicians during MSC assessments. All expert clinicians suggested that a list of important MSC 
features might be used by less-experienced clinicians engaged in assessments with experienced 
MSC users. Similarly, adults with SCI felt that lists might prompt discussion with clinicians on new 
features or problems with current MSC features and performance. 
6.5.1.2 Priorities change 
Most participants initially supported selecting a subset of features from a longer list. 
However, five adults with SCI and seven expert clinicians described how priorities for MSC 
features and performance changed as MSCs were assessed and discussed. These changes could be 
triggered by incompatibilities between MCS features, or realisation that an MSC feature facilitating 
performance of one activity negatively affected performance of another. For example, tilt-in-space 
facilitated postural positioning in MSCs, but added weight (making propelling and manoeuvring 
more difficult) and was incompatible with folding frames (affecting portability). Adults with SCI 
described how MSC features and performance needed for the home environment may be different 
to those needed when travelling, requiring compromises on some features. Implementing a user-
selected subset of features therefore appeared complex in practice. 
6.5.1.3 Goals and outcomes cause confusion 
When asked about goal– or outcomes– based questionnaires, all adults with SCI initially 
expressed goals and outcomes in terms of MSC features they deemed critical. When prompted 
further, they outlined performance of specific functional activities that these features would 
facilitate. For example, one participant identified tilt-in-space as a critical goal or outcome for his 
new MSC, and then explained that this feature was necessary to facilitate positioning. Clinicians 
tended to express goals and outcomes initially in terms of functional activities being undertaken. 
After further prompting, they described the specific MSC features that facilitated this. The 
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responses suggested constructing the questionnaire to focus on goals or outcomes could cause 
confusion between adults with SCI and clinicians. 
6.5.1.4 Support for a different format 
None of the three proposed formats gained support from the majority of participants. Most 
participants (80 %, n = 12) wanted another questionnaire format that included MSC features and 
MSC performance during completion of activities.  
6.5.2 Phase b: Developing an item bank 
The review of research yielded 131 possible indicators of MSC usability. Interview 
transcripts with MSC experts were scrutinised and quantitative data on MSC features were 
extracted. Data were ranked according to the mean rating of importance given by participants 
(Table 11). Comparative data from a published study were also extracted into the same table 
(Nelson et al., 1993). Seat shape, seat cushioning, and back support cushioning were reported as 
separate items (Friesen et al., 2013; Friesen, Theodoros, et al., 2015c; Nelson et al., 1993). A further 
13 possible indicators were generated through these expert judgements. Indicators were reviewed to 
remove duplicates and combine like items. For example, seat design—cut out, seat design—full 
opening, and seat design—bite were combined into a single item, seat shape. The final item bank of 
possible usability indicators included 19 MSC features and 23 MSC performance items (Appendix 
J). 
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Table 11 Mean ratings and ranking for MSC features (Phase b) 
MSC feature Mean rating of 
importance 
(N=15) 
Mean rating 
extracted from 
Nelson et al. (1993) 
(N=277) a 
   
Seat cushioning 4.93 4.4 b 
Hand access to genitals and the perianal area 4.93 4.2 
Seat shape b 4.85 NA 
Ease of rolling, turning & propelling 4.80 4.3 
Reliability of brakes 4.80 4.2 
Ease of brake activation 4.60 4.0 
Easy to clean 4.60 NA 
Portable, transportable (folding or collapsible frame) 4.21 NA 
Postural supports 4.00 NA 
Ease of moving and removing armrests 3.93 3.9 
Weight of MSC 3.93 3.8 
Adjustability of back support height 3.67 3.7 
Back support cushioning 3.67 4.4 b 
Tilt-in-space 3.57 NA 
Addition of fitted pan underneath 3.43 3.2 
Addition of safety straps and belts 3.21 3.0 
Ease of moving and removing footrests 3.13 3.6 
Appearance of MSC 3.08 NA 
Adjustability of back support angle (recline) 3.07 3.2 
Addition of anti-tippers 3.00 NA 
Note. N = 15. MSC = mobile shower commode; NA = not assessed. 
a
 Data in this column was extracted from “Descriptive study of bowel care practices and equipment in spinal 
cord injury,” by A. Nelson, P. Malassigné, T. Amerson, R. Saltzstein, and J. Binard, SCI Nursing, 10(2), p. 
66. Copyright 1993 by American Association of Spinal Cord Injury Nurses. 
b
 “Cushioning for the seat and back support” was ranked as a single item by Nelson et al. (1993) but later 
considered as separate features by Nelson et al. (2000). b Seat shape was not assessed by Nelson et al. (1993), 
but was reported as part of the later study by Nelson et al. (2000).   
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6.5.3 Phase c: Constructing the preliminary questionnaire  
After reviewing data from Phases a and b, the authors made decisions about the 
questionnaire's content and format to construct the draft electronic Mobile shower commode 
ASsessment Tool (eMAST-d). Possible usability indicators extracted from only one data source in 
Phase b were excluded from consideration. Indicators that appeared as MSC features but also 
affected MSC performance were selected for inclusion after discussion between the authors. Since 
qualitative data from Phase a supported a format comprising both MSC features and MSC 
performance, the eMAST-d was constructed containing 25 questions in three sections. Section 1 
contained 10 MSC features, and used a 5–point Likert scale from 1 (very unhappy) to 5 (very 
happy). Section 2 covered 11 items concerning MSC performance, rated on a 5–point scale from 1 
(strongly disagree) to 5 (strongly agree). Section 3 included the age in years of the MSC frame and 
seat, and provided space for three positive and three negative aspects of the current MSC to capture 
specific user requirements. Because assessing unknown physical environments (such as hotel 
rooms) could be difficult, the context of use was restricted to the home environment.  
6.5.4 Phase d: Assessing content validity 
Five expert clinicians with an average of 10.6 years of clinical experience (range: 5 to 12 
years) were recruited (Table 12).  
  
 106 
 
Table 12 Participant characteristics of content validity experts (Phase d) 
Participant Clinical qualification, Clinical experience (Years),  
Type of employment 
Geographical areas of practice 
 
   
CVE 1 OT, 15, Specialist SCI community service State-wide 
CVE 2 OT, 5, Specialist SCI community service State-wide 
CVE 3 OT, 10, Specialist SCI in-patient service Capital city 
CVE 4 OT, 12, Specialist SCI non-government community and 
outreach service 
 
State-wide 
CVE 5 OT, 11, Private practice Capital city & regional centres 
 
Note. N = 5. CVE = content validity expert; OT = occupational therapist; SCI = spinal cord injury.  
 
 
 
 
Data from the standardised content evaluation questionnaire were extracted and converted 
into the Content Index Likert Scale (Table 13 and Table 14). CVIs, that is, the proportion of content 
validity experts (CVEs) rating items as valid or highly valid, were then calculated. CVIs were 100% 
for all but one item (eMAST Section 2, MSC Performance—Comprehensiveness of 
domain/construct) (Table 13). Overall CVIs were also 100% (Table 14).  
One content expert provided written comments, and two provided verbal comments to the 
first author. Three comments related to wording of items. Two content experts suggested including 
brakes in Section 1, and one suggested removing the item on replacing the seat.  
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Table 13 Content validity for Sections 1, 2, and 3 of the eMAST-d 
Questionnaire items Average 
CILS 
score 
Proportion of responses on the CILS, % (N) CVI b 
 Highly 
invalid 
Invalid Somewhat valid Valid Highly valid  
Section 1: MSC Features 
       
Comprehensiveness of domain/construct 4.6 0 (0) 0 (0) 0 (0) 40 (2) 60 (3) 100 (5) 
Clarity of item wording 4.6 0 (0) 0 (0) 0 (0) 40 (2) 60 (3) 100 (5) 
Ease of administration 4.6 0 (0) 0 (0) 0 (0) 40 (2) 60 (3) 100 (5) 
Appropriateness of scale 4.6 0 (0) 0 (0) 0 (0) 40 (2) 60 (3) 100 (5) 
Section 2: MSC Performance 
       
Comprehensiveness of domain/construct scale 4.2 0 (0) 0 (0) 20 (1) 40 (2) 40 (2) 80 (4) 
Clarity of item wording 4.6 0 (0) 0 (0) 0 (0) 40 (2) 60 (3) 100 (5) 
Ease of administration 4.8 0 (0) 0 (0) 0 (0) 20 (1) 80 (4) 100 (5) 
Appropriateness of scale 4.6 0 (0) 0 (0) 0 (0) 40 (2) 60 (3) 100 (5) 
Section 3: Final questions a 
       
Comprehensiveness of domain/construct scale 4.2 0 (0) 0 (0) 0 (0) 80 (4) 60 (3) 100 (5) 
Clarity of item wording 4.2 0 (0) 0 (0) 0 (0) 80 (4) 60 (3) 100 (5) 
Ease of administration 4.2 0 (0) 0 (0) 0 (0) 80 (4) 60 (3) 100 (5) 
Note. N = 5. CILS = content index Likert scale; CVI = content validity indices; MSC = mobile shower commode. 
a
 Section 3 of the eMAST-d does not use a scale. “Appropriateness of scale” was therefore not assessed. b CVIs were calculated by combining the proportion of 
CILS items rated either valid or highly valid.   
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Table 14 Overall content validity for the eMAST-d 
Item Average 
CILS 
score 
Proportion of responses on the CILS, % (N) CVI b 
 Highly 
invalid 
Invalid Somewh
at valid 
Valid Highly 
valid 
 
Objective (The eMAST-d measures MSC usability effectively) 4.0 0 (0) 0 (0) 0 (0) 100 (5) 0 (0) 100 (5) 
Relevance (The eMAST-d will be useful for MSC research) 4.0 0 (0) 0 (0) 0 (0) 100 (5) 0 (0) 100 (5) 
Administration (The eMAST-d can be administered in a 
reasonable amount of time) 
4.2 0 (0) 0 (0) 0 (0) 80 (4) 20.0 100 (5) 
Usefulness for MSC selection 4.0 0 (0) 0 (0) 0 (0) 100 (5) 0 (0) 100 (5) 
Usefulness for measuring MSC effectiveness 4.0 0 (0) 0 (0) 0 (0) 100 (5) 0 (0) 100 (5) 
Usefulness in MSC outcomes research 4.0 0 (0) 0 (0) 0 (0) 100 (5) 0 (0) 100 (5) 
Note. N = 5. CILS = content index Likert scale; CVI = content validity indices; eMAST-d = electronic Mobile shower commode ASsessment Tool—draft; MSC = 
mobile shower commode. 
a
 Section 3 of the eMAST-d does not use a scale. “Appropriateness of scale” was therefore not assessed. b CVIs were calculated by combining the proportion of 
CILS items rated either valid or highly valid.  
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6.5.5 Phase e: Constructing the final questionnaire 
As the content validity established in Phase d was high to very high, minimal changes were 
made to the questionnaire. An item on brakes was added to Section 1 and the item on ease of seat 
replacement was removed. Wording on showering and cleaning the body was altered to eliminate 
confusion with cleaning the MSC. Personal information including name and date of birth was also 
included. The final version, named the electronic Mobile shower commode ASsessment Tool 
Version 1.0 (eMAST 1.0) is provided in Appendix H. It is also available online at 
http://goo.gl/eS0HfU 
6.6 DISCUSSION 
This study reports on development of a questionnaire testing MSC usability. The 
questionnaire, named the eMAST 1.0, is the first to measure MSC usability for adults with SCI, 
using the definition from ISO 9241:11—1998 (Friesen et al., 2013; International Organization for 
Standardization, 1998). The eMAST 1.0 is AT device-specific (Bridgelal Ram et al., 2008; Lenker 
et al., 2013; Lenker et al., 2005), and was developed using a standardised approach (Berg Rice, 
2008; Portney & Watkins, 2009) in consultation with users as recommended (Arthanat et al., 2007; 
Berg Rice, 2008; Bridgelal Ram et al., 2008; Lenker et al., 2013; Mortenson et al., 2007). The 
eMAST 1.0 builds on earlier studies using human factors and ergonomics approaches to design 
MSCs for adults with SCI that address issues of safety, dissatisfaction, and non-use (Nelson et al., 
1993; Nelson et al., 2000). The qualitative findings in Phase a agree with emerging literature that 
suggest that the goals and outcomes associated with AT prescription and use may be understood 
differently by clinicians and AT users (Gil-Agudo et al., 2013; Lenker et al., 2013; Mortenson et al., 
2007), and that outcomes involve multiple constructs (Arthanat et al., 2007; Harvey et al., 2012; 
Lenker et al., 2013; Mortenson et al., 2007).  
The eMAST 1.0 assesses MSC features and performance during activities, identified 
through literature reviews and judgement of experts (Friesen et al., 2013; Friesen, Theodoros, et al., 
2015c; Nelson et al., 2000; Spinal Outreach Team, 2013). It is consistent with conceptualisations of 
usability as it relates to AT (Arthanat et al., 2007; Arthanat, Wu, et al., 2009), and demonstrates that 
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AT usability is both complex and multidimensional (Arthanat et al., 2007; Arthanat, Wu, et al., 
2009; Gil-Agudo et al., 2013). By focusing on interactions between the user and the MSC, and 
characteristics of the MSC itself, the eMAST 1.0 may discriminate between MSC designs, therefore 
enabling comparisons during design, assessment, and provision (Berg Rice, 2008; Bridgelal Ram et 
al., 2008; Gil-Agudo et al., 2013). The eMAST 1.0 complements usability inspection approaches 
evident in existing design and clinical assessment instruments (Ford et al., 2014; Friesen et al., 
2013; Spinal Outreach Team, 2013). The eMAST 1.0 may also be administered after short– or 
long–term MSC use to determine if changes are needed (Arthanat et al., 2007; Berg Rice, 2008; 
Harvey et al., 2012). Soliciting user feedback at all stages of service delivery is associated with 
reducing user dissatisfaction and non-use of AT over time (Martin et al., 2011). The eMAST 1.0 
may be useful for demonstrating outcomes of MSC provision (Bridgelal Ram et al., 2008; Lenker et 
al., 2013; Lenker et al., 2005), for generating evidence required as part of medical device 
regulations (Berg Rice, 2008; Bridgelal Ram et al., 2008; Martin et al., 2011), and in future MSC 
research (Berg Rice, 2008; Bridgelal Ram et al., 2008; Lenker et al., 2013; Lenker et al., 2005).  
As an electronic questionnaire, the eMAST 1.0 may be administered using telerehabilitation 
and telehealth platforms (Cooper, 2007; Cox et al., 2001; Friesen, Theodoros, et al., 2015c; Hauber 
et al., 1999; Hoffmann & Cantoni, 2008; Middleton et al., 2008). This may encourage greater 
uptake in clinical settings where home visits cannot be undertaken, such as where clinicians are 
delivering services across large geographical areas (Biering-Sørensen et al., 2009; Cooper, 2007; 
Cox et al., 2001; Harvey et al., 2012; Hauber et al., 1999; Hoffmann & Cantoni, 2008; Lenker et al., 
2005; Middleton et al., 2008). 
6.6.1 Limitations 
The study had five main limitations. First, evidence on MSC use and performance resides 
mostly in the grey literature (Friesen et al., 2013) and sources of usability indicators may have 
inadvertently been missed. Second, the sample size for interviews in Phase a was small and 
participants may not represent the full range of views across all adults with SCI and expert 
clinicians (Friesen, Theodoros, et al., 2015c). Future studies could consider recruiting both larger 
samples (in the order of 24 to 36 participants for a pilot study and over 200 for a validation study), 
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and samples that are representative of the population being studied (Crocker & Algina, 1986; 
Johanson & Brooks, 2010). Third, the eMAST 1.0 focuses on MSC use in the home and may not 
reflect usability across physical environments in rental or travel accommodation (Friesen, 
Theodoros, et al., 2015c). Fourth, all expert clinicians recruited for the study were OTs, despite 
there being no limitations placed on clinical qualification or current type of employment during 
recruitment. Experts from other clinical disciplines involved in MSC service delivery may hold 
different views. Finally, the standardised methodology utilised recommended recruiting a panel of 
experts consisting of expert clinicians but not MSC users (Arthanat, Wu, et al., 2009; Portney & 
Watkins, 2009). Further psychometric evaluation with MSC users (adults with SCI) is needed 
before widespread adoption can be recommended (Portney & Watkins, 2009). 
6.7 CONCLUSIONS 
The eMAST 1.0 measures usability of MSCs from the perspective of adults with SCI. It 
combines MSC features and performance in use to test MSC usability, and has demonstrated 
excellent content validity. The eMAST 1.0 may be useful for clinical assessments of MSC after 
short– or long–term use, when gathering evidence required by medical device regulations, and in 
future research on MSCs for this population. Studies assessing the questionnaire's psychometric 
properties are needed. 
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Chapter 7: An instrument to measure mobile shower commode usability: the 
eMAST 1.0 
 
7.1 CONTEXT OF CHAPTER 7 WITHIN THE CURRENT THESIS 
Chapter 5 of this thesis presented a five-stage methodology for developing a new usability-
based questionnaire, drawn from literature on health measurement and test scales (Crocker & 
Algina, 1986; Portney & Watkins, 2009). Stages 1 and 2 were completed and reported as part of 
Chapter 5. Stage 3 of the methodology was reported in Chapter 6. Content validation of the new 
questionnaire was also reported as part of Chapter 6. This present chapter reports on Stage 4 of the 
research methodology, that is, to establish the eMAST 1.0’s psychometric properties with a sample 
of adults with SCI. A previous study on psychometric properties of instruments used in AT research 
suggested at least two properties having relevance to a self-report questionnaire: test–retest 
reliability and internal consistency (Lenker et al., 2005). Testing concurrent validity against existing 
AT outcomes measurement instruments may also be possible, if suitable measures relating to AT 
use and usability can be identified (Crocker & Algina, 1986; Lenker et al., 2005; Portney & 
Watkins, 2009). This chapter presents a preliminary evaluation of the eMAST 1.0’s psychometric 
properties of internal consistency, test–retest reliability, and convergent validity. It therefore 
addresses Research Aim A4, and addresses the experimental hypotheses H1 to H4, described in 
Chapter 1. Further, the final step for questionnaire development is to report both psychometric and 
administrative properties, and disseminate this information along with the questionnaire itself 
(Portney & Watkins, 2009). This chapter therefore contributes to Stage 5 of the methodology.  
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7.2 ABSTRACT 
Purpose 
This paper presents a preliminary psychometric evaluation of the electronic Mobile shower 
commode ASsessment tool (eMAST) 1.0. 
Methodology 
A cross-sectional validation study was undertaken with 32 adults with spinal cord injury 
(SCI), aged 18 years or older, who use mobile shower commodes (MSCs) for toileting and/or 
showering. The eMAST 1.0, Quebec User Evaluation of Satisfaction with Technology, Version 2 
(QUEST) 2.0, and modified System Usability Scale (SUS) were administered online via Survey 
Monkey. The eMAST 1.0 was re-administered approximately seven days later. Psychometric 
properties of internal consistency, test–retest reliability, and convergent validity were assessed. 
Findings 
As hypothesised, the eMAST 1.0 demonstrated strong internal consistency, Cronbach’s 
alpha = .73, N = 32; acceptable test–retest reliability, ICC (3,1) = .75 [.53 – .88, 95% confidence 
interval], n = 27; and strong, positive correlations with both the QUEST 2.0’s devices subscale and 
modified SUS, Pearson’s correlation coefficients of .70 and .63 respectively, p < .001, n = 31. 
Research limitations 
The sample was not fully representative of Australian data in terms of gender, or state of 
residence, but was representative in terms of SCI level. Age data was not assessed. The sample size 
was small but adequate for a preliminary psychometric evaluation.  
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Originality / value 
The preliminary psychometric evaluation indicates the eMAST 1.0 is a valid and reliable 
instrument that measures usability of MSCs for adults with SCI. It may be useful for exploring 
relationships between usability and satisfaction of MSCs. 
Keywords 
activities of daily living, adults, assistive technologies, rehabilitation, self-care, usability 
Article classification 
Research article 
 
7.3 INTRODUCTION 
Adults with spinal cord injuries (SCIs) often use assistive technologies (ATs) to perform 
activities of daily living (Biering-Sørensen et al., 2009; Ford et al., 2014; Harvey et al., 2012). For 
many adults with SCI, particularly at the cervical and thoracic levels, activities associated with 
showering, intimate hygiene, and managing neurogenic bowels require use of ATs such as mobile 
shower commodes (MSCs) (Ford et al., 2014; Friesen et al., 2013; Friesen, Theodoros, et al., 2015c; 
Harvey et al., 2012; Nelson et al., 1993; Spinal Outreach Team, 2013). Studies of adults with SCI in 
Australia and internationally have, however, raised concerns about the safety and usability of MSC 
designs (Biering-Sørensen et al., 2009; Friesen, Theodoros, et al., 2015c; Harvey et al., 2012; 
Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Nelson et al., 1993). Activities such as 
transferring between a bed or wheelchair and the MSC, and leaning or reaching to access showering 
supplies or to undertake digital stool removal and intimate hygiene, are associated with an increased 
risk of falls (Ford et al., 2014; Friesen, Theodoros, et al., 2015c; Malassigné, Nelson, Amerson, 
Salzstein, et al., 1993; Nelson et al., 1993; Spinal Outreach Team, 2013). The development of 
pressure injuries and skin breakdowns is also associated with MSC use (Ford et al., 2014; Friesen, 
Theodoros, et al., 2015c; Nelson et al., 1993; Spinal Outreach Team, 2013). While approaches from 
the human factors engineering and ergonomics domains have informed development of MSCs 
(Nelson et al., 2000), these designs do not appear widely available (Friesen et al., 2013; Friesen, 
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Theodoros, et al., 2015c). Recent studies report some dissatisfaction with MSCs (Friesen, 
Theodoros, et al., 2015c; Harvey et al., 2012), suggesting the design, use, and usability of MSCs 
remain a concern for both MSC users, and clinicians with expertise in SCI rehabilitation (Friesen, 
Theodoros, et al., 2015a, 2015c).  
In the broader literature, two interrelated areas have emerged in the study of AT design, use, 
and usability: the stages in the product development or service delivery processes where usability is 
assessed; and the use of generic versus AT device-specific questionnaires for assessments. 
Assessing the design, use, and usability of AT can occur at multiple stages: the formative and 
summative stages of AT design and development (Berg Rice, 2008; Choi & Sprigle, 2011; Cooper, 
2007; Friesen, Russell, & Theodoros, 2015), as part of refinement and specification processes 
during AT service delivery (Arthanat, Wu, et al., 2009; Cooper, 2007; O’Rourke et al., 2014), and 
to evaluate outcomes of interventions after short– or long–term AT use (Arthanat et al., 2007; 
Arthanat, Wu, et al., 2009; Friesen, Russell, et al., 2015; Lenker et al., 2005). Assessment of AT 
devices, including MSCs, generally involve an iterative process of individualised refinement and 
trial, until a final specification is developed and recommended for the individual user (Cooper, 
2007; Friesen, Theodoros, et al., 2015c). While many questionnaires measuring AT outcomes after 
short– or long–term use have considered usability to some degree (Arthanat et al., 2007; Lenker et 
al., 2005), they have not reported validation for use in earlier design or assessment stages (Berg 
Rice, 2008; Bridgelal Ram et al., 2008; Lenker et al., 2005). For example, the most widely-used 
measure in AT is the Quebec User Evaluation of Satisfaction with assistive Technology, Version 2 
(QUEST 2.0) (Demers et al., 2002a). The QUEST 2.0 measures satisfaction with AT devices and 
services, either after service delivery, or after short– or long–term AT device use. Its capacity to 
distinguish or discriminate between prototypes in formative product development, or between 
commercialised prototypes during AT service delivery (summative product development), is not 
known (Friesen, Russell, et al., 2015). Conversely, generic usability questionnaires can assess 
usability during formative and summative product development, and therefore discriminate between 
prototypes. In the consumer products domain, the System Usability Scale (SUS) (Brooke, 1996, 
2013) is a widely used scale developed for this purpose. A modified version is also used for 
assessing usability of commercial products in summative usability testing (Bangor et al., 2008). 
Although the SUS is considered valid and reliable for a range of consumer products, it has not been 
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validated with AT devices (Bangor et al., 2008; Lewis & Sauro, 2009; Sauro, 2011). Moreover, 
both the QUEST 2.0 and the SUS are generic assessment questionnaires designed for use with any 
product. Increasingly, experts in the design, development, and service delivery of AT recommend 
questionnaires be AT device-specific, and developed with input from AT device consumers to 
establish user-identified assessment criteria (Berg Rice, 2008; Bridgelal Ram et al., 2008; Cooper, 
2007, 2009; Lenker et al., 2013; Lenker et al., 2005; Mortenson et al., 2007). Questionnaires should 
also be validated for well-defined user groups (Bridgelal Ram et al., 2008; Lenker et al., 2013; 
Lenker et al., 2005), and report characteristics of the AT users’ disability or impairments as part of 
psychometric evaluations (Arthanat et al., 2007; Bridgelal Ram et al., 2008; Lenker et al., 2005). 
Despite the widespread use of both the QUEST 2.0 and SUS, neither are specific to MSCs for 
adults with SCI. As a result, they may not capture key aspects of MSC use and usability identified 
in earlier research (Ford et al., 2014; Friesen et al., 2013; Friesen, Theodoros, et al., 2015c; 
Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Nelson et al., 1993), nor provide a means to 
discriminate between MSC specifications or prototypes (Friesen, Russell, et al., 2015; Friesen, 
Theodoros, et al., 2015c).  
To address these concerns, the electronic Mobile shower commode ASsessment Tool version 
1.0 (eMAST 1.0) was developed to test usability during MSC design, assessment, and specification 
(Friesen, Russell, et al., 2015; Friesen, Theodoros, et al., 2015a). The eMAST 1.0 was constructed 
using a mixed-methods approach in five phases: (a) interviewing key informants to identify ideal 
MSC features and preferences for the questionnaire's format; (b) developing an item bank of 
usability indicators; (c) constructing a preliminary questionnaire; (d) establishing content validity 
with a small sample of experts in SCI rehabilitation; and (e) constructing the final questionnaire 
(Friesen, Russell, et al., 2015; Friesen, Theodoros, et al., 2015a). This paper reports on the next 
stage of this study, a preliminary evaluation of the eMAST 1.0’s psychometric properties, with a 
cross-sectional sample of Australian MSC users (Friesen, Russell, et al., 2015). 
7.4 METHOD 
A prospective, cross-sectional, one-week test–retest design was used for the study. A sample 
size of approximately 30 participants was considered appropriate for this preliminary evaluation, 
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based on recommendations from a review of sample sizes for survey development (Johanson & 
Brooks, 2010). 
7.4.1 Participants 
Participants were recruited using the following inclusion criteria: (a) have a spinal cord 
injury (determined by self-report); (b) be 18 years of age or older; (c) use MSCs for toileting and / 
or showering activities (either independently or with the assistance of a carer); and (d) have access 
to the internet. There were no restrictions on location or gender. Participants were recruited via 
listservs and forums for AT users, and adults with SCI, such as those hosted by the Australia 
Rehabilitation and Assistive Technology Association (ARATA) and Spinal Cord Injuries Australia 
(SCIA). Advertisements were also place in newsletters produced by Assistive Technology Suppliers 
Australasia (ATSA) and Spinal Cord Injuries Network Australia (SCINA). A sample of the 
recruitment advertisements is shown in Appendix K. A copy of the flyer used for recruitment is 
shown in Appendix L. Potential participants were invited to visit the survey website, where a copy 
of the Participant Information Sheet and electronic Participant Consent Form were available. 
Copies of these are provided in Appendix M. Participants were recruited into the study once the 
consent form was completed. 
7.4.2 Data collection instruments 
Three instruments were used for data collection: the eMAST 1.0 (Friesen, Theodoros, et al., 
2015a), the QUEST 2.0 (Demers, Weiss-Lambrou, & Ska, 2002b), and a modified version of the 
SUS (Bangor et al., 2008). Participant characteristics and identifying data needed for matching 
responses across two time periods were also collected. 
7.4.2.1 electronic Mobile shower commode ASessment Tool 1.0 
The eMAST 1.0 measures usability of MSCs from the perspective of adults with SCI. It was 
developed using a mixed-methods approach incorporating a review of research, expert judgements 
of key MSC features and performance items, and interviews with key informants on the 
questionnaire's format (Friesen, Russell, et al., 2015; Friesen et al., 2013; Friesen, Theodoros, et al., 
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2015a, 2015c). The eMAST 1.0 contains 26 questions in three sections. Section 1 contains 10 
questions on MSC features, rated on a 5–point Likert scale from 1 (very dissatisfied) to 5 (very 
satisfied). Section 2 contains 11 items covering MSC performance in use across key activities. 
Items are measured on a 5–point Likert scale from 1 (strongly disagree) to 5 (strongly agree). 
Section 3 comprises questions on the age of the MSC frame and seat (in years), and two items for 
users to list three positive and three negative aspects of their MSC (Friesen, Theodoros, et al., 
2015a). The eMAST 1.0 was developed as a self-report instrument for completion by MSC users, 
using an online form (Friesen, Theodoros, et al., 2015a). Administration time for the eMAST 1.0 is 
estimated to be around 30 minutes based on reports for similar questionnaires (Demers et al., 
2002b). Sections 1 and 2 were subject to a preliminary psychometric evaluation in this study. 
eMAST 1.0 scores were calculated for MSC Features (section 1) and MSC Performance (section 2) 
by summing the scores for each item in the section, and dividing by the total number of items in the 
section. Items scored 0 (not applicable) were not used in the calculation. The total eMAST 1.0 
score was the sum of scores for both sections. 
7.4.2.2 Quebec User Evaluation of Satisfaction with assistive Technology 2.0 
The QUEST 2.0 was designed to evaluate how satisfied user are with their assistive device 
and associated services they received (Demers et al., 2002a, 2002b). The QUEST 2.0 contains 
twelve items, rated on a 5–point Likert scale of 1 (not at all satisfied) to 5 (very satisfied), and takes 
around 10 to 15 minutes to complete (Demers et al., 2002b). The QUEST 2.0 has two subscales: a 
devices subscale (items 1–8) and a services subscale (items 9–12). For the purpose of this study, 
only the devices subscale was used. The devices sub-sale is calculated from items 1–8, by summing 
the scores and diving by the number of valid items. Items which are scored not applicable are 
considered invalid. Psychometric properties reported for the QUEST 2.0 include construct validity 
(expert agreement ranging from 50 to 92% for all items), internal consistency (Cronbach’s alphas of 
.82, .80, and .76 for 12 items, the devices subscale, and services subscale respectively), and test–
retest reliability (weighted Kappa ranging from .51 to .74, with an average of .61) (Demers et al., 
2002a, 2002b). The QUEST 2.0 is freely available for use in research (Demers et al., 2002b). 
Although not separately validated using online administration, recent evidence across self-
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completed psychological and health scales indicates that (a) results are likely comparable to those 
administered using pen and paper, and (b) that the modes of administration can be used 
interchangeably for research in clinical and home settings (Rutherford, Costa, Mercieca-Bebber, 
Rice, Gabb & King, 2016).  
7.4.2.3 System Usability Scale 
The SUS, developed by Brooke (1996), is a widely-used scale for assessing usability 
(Bangor et al., 2008) (p. 189). It contains 10 questions with alternative positive and negative 
phrasing, measured on a Likert scale from 1 (strongly disagree) to 5 (strongly agree). The SUS 
provides a global measure of satisfaction, with two subscales of learnability (questions 4 and 10) 
and usability (all remaining items) (Lewis & Sauro, 2009; Sauro, 2011). It is freely available for use 
as an online form and can be administered within a few minutes (Brooke, 2013). The wording for 
question 8 proposed by Bangor et al., which replaces “cumbersome” with “awkward” was used 
(Bangor et al., 2008). For the purposes of the current study, question 4 was also modified by adding 
the text “e.g. sales rep”. This change ensured respondents considered the technical support and 
training provided by MSC suppliers and sales representatives during MSC service delivery, rather 
than assistance provided by paid or unpaid caregivers during activities of daily living.  
The SUS is scored by firstly converting responses to a scale of 0 to 4, summing all 
converted responses, and then multiplying the result by 2.5 to get a total out of 100 (Sauro, 2011). 
In order to reduce likelihood of errors, a commercially-available SUS calculator was used to 
generate SUS scores for this study (Sauro, 2011). The calculator includes multiple checks for 
possible coding and data entry errors, such as incorrect coding of positively and negatively worded 
items (Sauro, 2011).  
7.4.3 Data collection procedure 
The first author created the eMAST 1.0, QUEST 2.0, and the modified SUS (in that order) 
as online forms using Survey Monkey (https://www.surveymonkey.com). The remaining authors 
checked the online forms against the original instruments to identify possible coding errors. 
Additionally, two researchers with expertise in survey development and methodology for health 
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research reviewed the technical implementation and wording of the online questionnaires. No 
concerns with online implementation were reported. 
At Time 1 (T1), participants completed all three questionnaires via Survey Monkey. At 
Time 2 (T2), approximately 7 days later, participants were sent an email asking them to complete 
the eMAST 1.0 a second time via Survey Monkey. Participants were sent reminders to complete the 
surveys if they had not done so within 7 days, and additional reminders after 14 – 21 days if needed. 
7.4.4 Data analysis 
Data analysis of all quantitative items was conducted using IBM SPSS Statistics for 
Windows, version 23.0 (IBM Corporation, Armonk, NY). Statistical and psychometric properties 
were selected based on expert recommendation (Portney & Watkins, 2009) and validation work 
reported for the QUEST 2.0 (Demers et al., 2002a, 2002b). The study’s hypotheses were that the 
eMAST 1.0 would demonstrate: 
 
• Strong internal consistency, determined by measuring a Cronbach’s alpha ≥ .70, among 
the items (Portney & Watkins, 2009); 
• Acceptable test–retest reliability, determined by an Intra Class Coefficient (Model 3, 1), 
ICC (3,1) of ≥ .70 for the overall scale (Portney & Watkins, 2009); and 
• Good to excellent convergent validity with items from two established instruments from 
the AT and usability literature, demonstrated by Pearson’s correlation coefficients, r ≥ 
.70 (Portney & Watkins, 2009). 
 
Since Pearson’s coefficient is a parametric test, it requires data to be normally distributed. 
Prior to conducting the convergent validity analysis, the data were subject to visual inspections and 
the Shapiro-Wilks test for normality as recommended (Ghasemi & Zahediasl, 2012). 
7.4.5 Ethics 
The study was approved by a university medical ethics review committee (Appendix A) and 
conducted in accordance with all requirements for research involving human subjects. Approval 
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was obtained from each gatekeeper organisation prior to the distribution of advertisements for study 
participants (Appendix K). 
7.5 RESULTS 
Data were collected between April 2014 and November 2015. A total of 32 participants 
completed the eMAST 1.0 at T1. Of these, 31 also completed the QUEST 2.0 and modified SUS. At 
T2, 27 participants completed the eMAST 1.0. Characteristics for all participants are shown in 
Table 15. Among the participants, 34% were female and 66% were male. On average, participants 
were 18.6 years post-SCI (range: 2 to 55 years) (n = 30). Two participants did not report their SCI 
level. Participants resided in five of the eight Australian states and territories.  
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Table 15 Participant characteristics for adults with SCI 
Participant characteristic 
Frequency, N (%) 
Gender 
 
Female 11 (34) 
Male 21 (66) 
Level of SCI (n = 30) a 
 
C5 and above 14 (47) 
C6 to T1 6 (20) 
T2 to T12 9 (30) 
L1 and below 1 (3) 
State of residence 
 
Australian Capital 
Territory 
7 (22) 
New South Wales 7 (22) 
Queensland 6 (19) 
Tasmania 1 (3) 
Victoria  11 (34) 
Note. N = 32. C = cervical; L = lumbar; SCI = spinal cord injury; T = thoracic.  
a
 Two participants did not report the neurological level of their SCI. 
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7.5.1 Item response frequencies 
Item response frequencies for the eMAST 1.0’s quantitative items are shown in Table 16. Of 
these, six items showed the full range of possible responses. When the response of 0 (not 
applicable) was excluded, twelve items showed the full range of remaining possible responses. 
Eight items had no responses for either 1 (very dissatisfied) (item 7) or 1 (strongly disagree). A total 
of 13 items had responses of 0 (not applicable), including very high frequencies for tilt-in-space 
(item 7) (n = 22) and recline (item 8) (n = 12) (Table 16). A total of 50% or more of respondents 
selected the highest score for arm supports (item 3) (n = 16) and fit in bathroom (item 15) (n = 18) 
(Table 16). This finding suggested the presence of ceiling effects for these items. No flooring 
effects were observed. 
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Table 16  Item response frequencies for eMAST 1.0 
 
Item 
1 
(ve
ry
 
di
ss
at
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ie
d) 
2 
(so
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ew
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t 
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ss
at
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ie
d) 
3 
(ne
ith
er
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at
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ie
d 
n
o
r 
sa
tis
fie
d) 
4 
(so
m
ew
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t 
sa
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fie
d) 
5 
(ve
ry
 
sa
tis
fie
d) 
0 
(no
t 
ap
pl
ic
ab
le
) 
Mean (SD) 
1. Seat shape 1 5 3  8 14  1 3.9 (1.2) 
2. Seat cushioning 1 7 3  6 12  3 3.7 (1.3) 
3. Arm supports 1 3 2 10 16  0 4.2 (1.1) 
4. Lower leg supports 1 6 2 14  7  2 3.7 (1.2) 
5. Back support 1 4 2 11 14  0 4.0 (1.1) 
6. Weight of MSC 2 1 8 10 10  1 3.8 (1.1) 
7. Tilt-in-space 0 2 4  0  4 22 3.6 (1.3) 
8. Recline 1 0 5  5  9 12 4.1 (1.1) 
9. Portability/ foldability/ packability 6 7 6  5  3  5 2.7 (1.3) 
10. Brakes 1 5 6  8 10  2 3.7 (1.2) 
11. Height for transfers 0 3 3 12 10  4 4.0 (1.0) 
12. Works with other equipment 0 1 4 10 11  6 4.2 (0.8) 
13. Propelling & manoeuvring 0 5 1 17  7  2 3.9 (1.0) 
14. Fit through doorways 0 1 2 14 14  1 4.3 (0.7) 
15. Fit in bathroom 0 0 3 11 18  0 4.5 (0.7) 
16. Fit over toilet 0 1 4 11 11  5 4.2 (0.8) 
17. Access to bowel (perianal area) 0 5 4 12 10  1 3.9 (1.1) 
18. Positioning & repositioning 2 6 5 13  5  1 3.4 (1.2) 
19. MSC Stability 1 7 5  8 11  0 3.7 (1.3) 
20. Postural supports 1 3 7 15  6  0 3.7 (1.0) 
21. MSC cleaning & maintenance 1 3 7 14  7  0 3.7 (1.0) 
Note. N = 32. MSC = mobile shower commode; SD = standard deviation.  
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7.5.2 Internal consistency 
Internal consistency for all 21 items, as measured by Cronbach’s alpha, was .73 (N = 32), 
indicating strong internal consistency (Portney & Watkins, 2009). Inter-item correlations for the 
MSC Features subscale are shown in Table 17. Inter-item correlations for the MSC Performance 
subscale are shown in Table 18. The item-to-total correlations are shown in Table 19.  
Items regarding tilt-in-space (item 7) and recline (item 8), elicited a high number of 0 (not 
applicable) responses (n = 22 and n = 12 respectively). With these items removed, internal 
consistency remained strong (Cronbach’s alpha = .76) (Portney & Watkins, 2009). Internal 
consistencies of the two subscales of the eMAST 1.0, MSC Features and MSC Performance, were 
.67 and .72 respectively. After excluding items for concerning tilt-in-space and recline, internal 
consistency for the MSC Features subscale was strong (Cronbach’s alpha = .72) (Table 19) 
(Portney & Watkins, 2009). 
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Table 17  Inter-item correlations for the eMAST 1.0 MSC Features subscale 
  1. Seat 
shape 
2. Seat 
cushion 
3. Arm 
support 
4. Lower 
leg support 
5. Back 
support 
6. MSC 
Weight 
7. Tilt-in-
space 
8. Recline 9. Port/ 
fold/ packa 
10. 
Brakes 
1. Seat shape 1.00  .59  .48  .33  .46 -.05 -.13 -.08  .41  .03 
2. Seat cushion  .59 1.00  .14  .51  .46  .09 -.08  .08  .17  .26 
3. Arm support  .48  .14 1.00  .12  .38  .08 -.15 -.22  .38 -.16 
4. Lower leg support  .33  .51  .12 1.00  .58  .30  .22  .16  .06  .27 
5. Back support  .46  .46  .38  .58 1.00  .46  .06  .10  .37  .24 
6. MSC weight -.05  .09  .08  .30  .46 1.00  .27  .31  .19  .16 
7. Tilt-in-space -.13 -.08 -.15  .22  .06  .27 1.00  .41 -.14  .13 
8. Recline -.07  .08 -.22  .16  .10  .31  .41 1.00 -.09  .42 
9. Port/ fold/ packa  .41  .17  .38  .06  .37  .19 -.14 -.09  1.00 -.16 
10. Brakes  .03  .26 -.16  .27  .24  .16  .13  .42 -.16 1.00 
11. Height—transfers -.04 -.08 -.17  .16 -.03 -.04  .04 -.13  .00 -.12 
12. Works—other equipment -.26  .12 -.26  .15 -.07  .41  .18  .29 -.17  .12 
13. Propel & man.b  .12 -.04  .24  .00  .05 -.05 -.34  .12  .40  .03 
14. Fit through doorways  .20  .16 -.03  .03 -.01 -.10 -.30 -.13  .08  .15 
15. Fit in bathroom  .37  .30  .25  .15  .19  .03 -.26  .07  .21  .10 
16. Fit over toilet  .26  .07  .02  .03  .17 -.11  .03 -.10  .06 -.03 
17. Access to bowel   .40  .08  .31  .26  .12  .07 -.17 -.02  .17 -.13 
18. Position& reposition b  .53  .18  .54 -.09  .21 -.17 -.26 -.21  .32  .01 
19. MSC stability  .13  .08  .04  .34  .30  .27 -.05  .15  .25  .07 
20. Postural support  .33  .27  .16  .26  .37  .17  .29  .47  .10  .28 
21. MSC clean& mainten.d  .12  .14  .41  .28  .39  .22  .02 -.03  .21 -.06 
Note. N = 32. eMAST = electronic Mobile shower commode ASsessment Tool; MSC = mobile shower commode.  
a
 Portability / foldability / packability; b Propelling & manoeuvring; c Positioning & repositioning; d MSC cleaning & maintenance.  
  
127 
Table 18  Inter-item correlations for the eMAST 1.0 MSC Performance subscale 
  11. 
Height 
for 
transfers 
12. Works 
with other 
equip.e 
13. 
Propel 
& man 
14. Fit 
through 
doorways 
15. Fit in 
bathroom 
16. Fit 
over 
toilet 
17. 
Access 
to bowel 
18. 
Position 
& 
repositionc 
19. 
MSC 
Stability 
20. 
Postural 
support 
21. MSC 
clean & 
mainten.d 
1. Seat shape -.04 -.26  .12  .20  .37  .26  .40  .53  .13  .33  .12 
2. Seat cushion -.08  .12 -.04  .16  .30  .07  .08  .18  .08  .27  .14 
3. Arm support -.17 -.26  .24 -.03  .25  .02  .31  .54  .04  .16  .41 
4. Lower leg support  .16  .15  .00  .03  .15  .03  .26 -.09  .34  .26  .28 
5. Back support -.03 -.07  .05 -.01  .19  .17  .12  .21  .30  .37  .39 
6. MSC weight -.04  .41 -.05 -.10  .03 -.11  .07 -.17  .27  .17  .22 
7. Tilt-in-space  .04  .18 -.34 -.30 -.26  .03 -.17 -.26 -.05  .29  .02 
8. Recline -.13  .29  .12 -.13  .07 -.09 -.02 -.21  .15  .47 -.03 
9. Port/ fold/packa  .00 -.17  .36  .08  .21  .06  .17  .32  .25  .10  .21 
10. Brakes -.12  .12  .03  .15  .10 -.03 -.13  .01  .07  .28 -.06 
11. Height—transfers 1.00 -.03  .27  .41  .27  .28  .34  .07  .19  .01  .38 
12. Works—other equipment -.03 1.00  .01  .14  .21  .00 -.21 -.33  .01 -.03 -.20 
13. Propel & man.b  .27  .01 1.00  .53  .49  .16  .35  .33  .09  .15  .13 
14. Fit through doorways  .41  .14  .53 1.00  .78  .46  .31  .19  .07  .06 -.04 
15. Fit in bathroom  .27  .21  .49  .78 1.00  .39  .45  .34  .20  .37  .20 
16. Fit over toilet  .28  .00  .16  .46  .39 1.00  .15  .24 -.24  .01 -.02 
17. Access to bowel  .34 -.21  .35  .31  .45  .15 1.00  .45  .21  .07  .42 
18. Position& repositionc  .07 -.33  .33  .19  .34  .24  .45 1.00 -.01  .18  .33 
19. MSC stability  .19  .01  .09  .07  .20 -.24  .21 -.01 1.00  .35  .40 
20. Postural support  .01 -.03  .15  .06  .37  .01  .07  .18  .35 1.00  .32 
21. MSC clean& mainten.d  .38 -.20  .13 -.04  .20 -.02  .42  .33  .40  .32 1.00 
Note. N = 32. eMAST = electronic Mobile shower commode ASsessment Tool; MSC = mobile shower commode. 
a
 Portability / foldability / packability; b Propelling & manoeuvring; c Positioning & repositioning; d MSC cleaning & maintenance; e Works with other equipment. 
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Table 19  Item analysis 
 
Scale 
Mean if 
Item 
Deleted 
Scale 
Variance if 
Item 
Deleted 
Corrected 
Item-Total 
Correlation 
Squared 
Multiple 
Correlation 
Cronbach's 
Alpha if 
Item 
Deleted 
1. Seat shape 68.97 123.39 .46 .81 .70 
2. Seat cushioning 69.41 121.93 .40 .70 .71 
3. Arm supports 68.63 132.37 .23 .72 .72 
4. Lower leg supports 69.34 121.27 .51 .73 .70 
5. Back support 68.75 123.48 .58 .74 .70 
6. Weight of MSC 69.09 128.02 .33 .65 .71 
7. Tilt in space 71.66 134.94 .03 .65 .74 
8. Recline 70.25 124.78 .21 .71 .73 
9. Portability / foldability / 
packability 
70.50 127.30 .28 .57 .72 
10. Brakes 69.31 130.03 .22 .52 .72 
11. Height for transfers 69.25 130.58 .17 .62 .73 
12. Works with other equipment 69.38 134.63 .04 .67 .74 
13. Propelling and manoeuvring  69.16 128.39 .31 .74 .72 
14. Fit through doorways 68.59 130.70 .32 .87 .72 
15. Fit in bathroom 68.31 130.09 .59 .89 .71 
16. Fit over toilet 69.25 129.23 .19 .53 .73 
17. Access to bowel (perianal 
area) 
69.03 127.45 .38 .75 .71 
18. Positioning & repositioning 69.47 130.06 .26 .67 .72 
19. MSC Stability 69.13 129.15 .31 .53 .72 
20. Postural supports 69.09 127.06 .51 .73 .71 
21. MSC cleaning & maintenance 69.06 129.29 .40 .73 .711 
Note. N = 32. MSC = mobile shower commode  
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7.5.3 Test–retest reliability 
Five participants did not complete the eMAST 1.0 at T2, and did not respond to the 
reminder emails. For the remaining participants, test–retest was completed on average 14 days apart 
(range: 5 to 43 days) (n = 27). Table 20 shows the ICCs for all 21 items of the eMAST 1.0. The 
overall ICC (3,1) for test–retest reliability was .75 [.53 – .89, 95% confidence interval] (n = 27), 
indicating acceptable test–retest reliability (Portney & Watkins, 2009). 
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Table 20  Test–retest reliability 
  
95% CI 
Items ICC (3,1) 
Lower bound 
 
Upper bound 
MSC Features    
1. Seat shape .43  .08 .69 
2. Seat cushioning .62  .33 .81 
3. Arm supports .46  .09 .71 
4. Lower leg supports .78  .57 .89 
5. Back support .62  .31 .81 
6. Weight of MSC .78  .57 .89 
7. Tilt-in-space .87  .73 .94 
8. Recline .33 -.56 .63 
9. Portability/ foldability/ packability .82  .64 .91 
10. Brakes 
 
.76  .54 .88 
Overall MSC Features .78  .58 .89 
MSC Performance 
   
11. Height for transfers .50  .17 .73 
12. Works with other equipment .70  .44 .85 
13. Propelling and manoeuvring .32 -.08 .62 
14. Fit through doorways .72  .47 .86 
15. Fit in bathroom .44  .08 .70 
16. Fit over toilet .78  .57 .89 
17. Access to bowel (perianal area) .59  .28 .79 
18. Positioning & repositioning .79  .59 .90 
19. Stability .72  .47 .86 
20. Postural support .66  .38 .83 
21. MSC is easy to clean & maintain 
 
.32 -.07 .62 
Overall MSC Performance .61  .31 .80 
Overall eMAST 1.0 .75  .53 .88 
Note. n = 27. CI = confidence interval; ICC = intra class coefficient; eMAST = electronic Mobile shower 
commode ASsessment Tool; MSC = mobile shower commode.   
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7.5.4 Convergent validity 
The mean scores of the eMAST 1.0, the QUEST 2.0, and the modified SUS are shown in 
Table 21. The SUS calculator flagged no potential errors in coding or data entry prior to calculating 
the SUS scores. Based on a visual inspection of the normal Q-Q and stem-and-leaf plots (Figure 3) 
and a result of p > .05 for the Shapiro-Wilks test for normality (p = .14), the data were considered as 
normally distributed (Ghasemi & Zahediasl, 2012). Pearson’s correlations between the scales and 
subscales of each instrument also shown in Table 21. There was a significant correlation between 
scores on the eMAST 1.0 and the QUEST 2.0 devices subscale, r (n = 31) = .70, p < .001, 
indicating good to excellent convergent validity (Portney & Watkins, 2009). There was also a 
significant correlation between scores on the eMAST 1.0 and the modified SUS, r (n = 31) = .63, p 
< .001. Although this result indicated moderate convergent validity, it was still considered strong 
and positive (Portney & Watkins, 2009). 
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Table 21  Pearson’s correlation coefficients for the eMAST 1.0, QUEST 2.0 devices subscale, 
and modified SUS  
Item Mean 
(SD) 
Correlations with eMAST 1.0 (Sig. 2–tailed) 
 
Full scale 
 
Features subscale 
 
Performance 
subscale 
     
eMAST 1.0 (N = 32) 
 
    
Full scale 
 
3.9 (.6) 
 
   
Features subscale 
 
3.8 (.7)    
Performance subscale 
 
3.9 (.6)    
QUEST 2.0 (n = 31) a 
 
    
Full scale 
 
3.4 (.7) 
 
.65** (.001) .60** (.001) .60** (.001) 
Devices subscale 
 
3.5 (.7) .70** (.001) .61** (.001) .68** (.001) 
 
SUS (n = 31) a 
 
    
Full scale 
 
 
75.1 
(16.0) 
.63** (.001) .44** (.003) .71** (.001) 
Usability subscale 
 
72.5 
(16.0) 
.67** (.001) .21** (.003) .71** (.001) 
Learnability subscale 
 
85.5 
(18.0) 
 
.33 (.001)  .21 (.258) .40* (.027) 
Note. eMAST = electronic Mobile shower commode ASsessment Tool; QUEST 2.0 = Quebec Evaluation of 
Satisfaction with assistive Technology, Version 2; SUS = System Usability Scale (modified).  
a One participant did not complete the QUEST 2.0 or the modified SUS. 
** Correlation is significant at the .01 level (2–tailed).  
* Correlation is significant at the .05 level (2–tailed).  
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Stem-and-leaf plot 
 
 
Figure 3 Normal Q-Q and stem-and-leaf plots for visual inspection of normality 
Note. eMAST = electronic Mobile shower commode ASsessment Tool. 
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7.6 DISCUSSION 
This paper reports on a preliminary evaluation of the eMAST 1.0’s psychometric properties. 
The eMAST 1.0 was designed to measure the usability of MSCs used by adults with SCI (Friesen, 
Russell, et al., 2015; Friesen, Theodoros, et al., 2015a). The questionnaire obtains feedback from 
the point of view of MSC users, and reflects user-reported criteria captured through qualitative 
interviews and reviews of the literature (Friesen, Russell, et al., 2015; Friesen et al., 2013; Friesen, 
Theodoros, et al., 2015a, 2015c). It was developed using a standardised methodology from the 
literature on health measurement scales (Crocker & Algina, 1986; Friesen, Russell, et al., 2015; 
Portney & Watkins, 2009), and demonstrated excellent content validity in an earlier study (Friesen, 
Theodoros, et al., 2015a). Although preliminary, the present study found the eMAST 1.0 
demonstrated strong internal consistency, good test–retest reliability, good to excellent convergent 
validity with the devices subscale of the QUEST 2.0 (Demers et al., 2002a, 2002b), and moderate 
convergent validity with a modified version of the SUS (Bangor et al., 2008). Overall, the 
preliminary psychometric analysis reported here suggests the eMAST 1.0 is a valid and reliable 
scale for measuring MSC usability in adults with SCI.  
Responses of 0 (not applicable) were observed for 13 items, including very high frequencies 
for the items concerning tilt-in-space and recline (Table 16). This is to be expected since not all 
MSCs have all features, and not all users require those (Friesen, Theodoros, et al., 2015c). In terms 
of scale validation, experts recommend a closer examination of potentially redundant items for 
either removal or possible rewording (Portney & Watkins, 2009). Clinically however, these items 
reflect indicators of MSC use and usability identified across multiple studies with key informants 
(Friesen, Theodoros, et al., 2015a, 2015c; Malassigné et al., 2000; Nelson et al., 1993; Nelson et al., 
2000), and in CPGs developed by experts (Consortium for Spinal Cord Medicine, 1998; Ford et al., 
2014; Spinal Outreach Team, 2013). During the questionnaire’s development, both users and 
clinicians indicated that such items could act as a “prompts” for discussion and reflection on an 
individual user’s needs (Friesen, Theodoros, et al., 2015a) (p. 79). Retention of these items is 
recommended to facilitate the processes of individualised assessment and trial needed to develop 
final MSC specifications (Cooper, 2007; Friesen, Theodoros, et al., 2015c). Further, such items may 
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prove useful for discriminating between MSC prototypes during assessment and service delivery, 
thereby addressing the need for such questionnaires identified earlier (Friesen, Russell, et al., 2015; 
Friesen, Theodoros, et al., 2015c). Future studies involving the eMAST 1.0 should therefore 
consider the clinical utility of these items in understanding MSC usability for individual users.  
Cronbach’s alphas of .70 to .90 indicate strong internal consistency of items in a scale 
(Portney & Watkins, 2009). Cronbach’s alpha for all items of the eMAST 1.0 was .73, suggesting 
the eMAST 1.0 demonstrates strong internal consistency.  
The overall correlation of the eMAST 1.0 scores at T1 and T2 was ICC (3,1) = .75 [.53 – 
.89, 95% confidence interval], (n = 27). Values over .70 indicate good test–retest stability (Portney 
& Watkins, 2009). The lowest correlations, with ICC (3,1) results < .60, were calculated for seat 
shape (item 1), arm supports (item 3), recline (item 8), height for transfers (item 11), propelling 
and manoeuvring (item 13), fit in the bathroom (item 15), and MSC cleaning and maintenance 
(item 21) (Table 20). It is possible that some respondents had multiple MSCs (for example, one for 
home and one for travel) (Friesen, Theodoros, et al., 2015c), and did not consider the same MSC for 
both tests. The eMAST 1.0 may need wording which clarifies which MSC is being assessed, 
especially if multiple MSC prototypes or designs are involved. Crocker and Algina (1986) state that 
low coefficients raise “interesting” questions around whether the measure is unreliable, or the trait 
itself is unstable (p. 134). Previous research suggests that MSC use and usability can be 
dramatically affected by temporary or unexpected changes to a user’s functional capacity (e.g. 
sudden illness or injury), the MSC or other AT (e.g. breakdown requiring urgent maintenance or 
repair), or environment (e.g. temporary accommodation) (Friesen, Theodoros, et al., 2015c). Given 
the longer-than-planned test–retest interval (average of 14 days versus 7 days), the lower test–retest 
reliability may indicate instability in the traits being measured. While such instability may present 
concerns for scale validation (Portney & Watkins, 2009), the clinical relevance of such findings 
should not be overlooked. Temporary or unexpected changes, such as those described, may involve 
issues requiring urgent clinical intervention and resolution (Friesen, Theodoros, et al., 2015c). Thus, 
the clinical relevance of these items in MSC assessments should be considered in future validation 
work of the eMAST 1.0.  
The eMAST 1.0 demonstrated strong, positive correlations with both the devices subscale of 
the QUEST 2.0 (Demers et al., 2002a, 2002b) and the modified SUS (Bangor et al., 2008). These 
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correlations suggest the eMAST 1.0 is measuring satisfaction and usability across multiple user-
identified MSC features and performance criteria. The correlations provide evidence that 
satisfaction and usability, as they relate to MSCs, are closely related concepts (Friesen, Russell, et 
al., 2015; Friesen, Theodoros, et al., 2015a). Similar correlations between satisfaction and usability 
are reported elsewhere (Arthanat, Wu, et al., 2009; Lenker et al., 2005). The eMAST 1.0 may 
therefore provide a means to further explore this relationship, and give greater insight into issues of 
dissatisfaction with, and non-use of, MSCs identified previously (Friesen, Theodoros, et al., 2015c; 
Harvey et al., 2012). 
7.6.1 Limitations 
The study had three main limitations: sample size, representativeness of the sample, and 
test–retest intervals. The sample sizes for internal consistency, test–retest reliability, and convergent 
validity were all within the range of 24 to 36 participants considered appropriate for initial scale 
development (Johanson & Brooks, 2010). However, small sample sizes do not allow for a full 
exploration of psychometric properties such as factor structures (Portney & Watkins, 2009). Further 
studies with larger samples are therefore recommended to confirm the psychometric properties 
reported here, allow for generalisations to larger populations of adults with SCI, and facilitate 
exploration of additional psychometric properties (Johanson & Brooks, 2010; Portney & Watkins, 
2009). 
Some authors argue that the representativeness of a sample has a larger impact on study 
parameters than sample size (Johanson & Brooks, 2010). The representativeness of the sample in 
this study was mixed. The sample’s ratio of males to females (1.9:1) was smaller than previously-
reported Australian estimates of 2.5:1 to 5.3:1 (Norton, 2010). In addition, no data was collected 
from adults with SCI residing in Northern Territory, South Australia, or Western Australia, despite 
both Northern Territory and Western Australia having three-year annual average incidence rates of 
SCI that are significantly higher than the national incidence rate (Norton, 2010). Since calls for 
participants went to national listservs and advertisements, it’s unclear why this occurred. Further, no 
question on the age of participants was included on the survey form. As a result, the sample’s 
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representativeness in terms of age could not be established. Caution should therefore be exercised in 
generalising results of this study to broader samples of adults with SCI.  
Despite these limitations, one strength of the study was its representativeness in terms of 
neurological level of SCI reported by participants. The distribution of SCI levels in the sample was 
consistent with Australian data showing the highest frequency of SCIs occur at or above C5 
(Harvey et al., 2012; Norton, 2010), and the second highest frequencies occur between T2 to T12 
(Harvey et al., 2012). Neurological level of SCI is a primary predictor of the severity of bowel 
dysfunction after SCI, and also of functioning and AT use for self-care activities (Consortium for 
Spinal Cord Medicine, 1998; Ford et al., 2014; Spinal Outreach Team, 2013). Both appear to 
directly influence MSC use and usability (Friesen et al., 2013; Friesen, Theodoros, et al., 2015c). 
Future studies should aim to recruit samples of adults with SCI that are similarly representative of 
the population. 
A final limitation was the time interval for test–retest reliability. The study aimed for an 
interval of 7 days, which was selected based on earlier validation work with the QUEST 2.0 
(Demers et al., 2002a). However, the average measured interval was 14 days, with one respondent 
taking 43 days despite multiple attempts at follow up. Reason for delays were not explored as part 
of the study. As noted in the discussion, it is possible that participants experienced temporary or 
unexpected changes affecting MSC use and usability during this time, thereby affecting the 
statistical analyses. These factors require further exploration in future studies. 
7.7 CONCLUSIONS 
The eMAST 1.0 was developed as a self-report instrument for adults with SCI, to measure 
the usability of MSCs. In this study, the eMAST 1.0 demonstrated strong internal consistency, good 
test–retest reliability, and strong positive correlations with the devices subscale of the QUEST 2.0, 
and the modified SUS. Although preliminary, this psychometric analysis suggests the eMAST 1.0 is 
a valid and reliable scale for measuring MSC usability in adults with SCI. Further validation studies 
are needed. Studies should aim to include larger samples of adults with SCI that are representative 
of the Australian population in terms of gender, age, and state of residence. Future studies should 
also consider the clinical utility of items when assessing their psychometric properties. 
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Chapter 8: Usability of mobile shower commodes for adults with spinal cord 
injury 
 
8.1 CONTEXT OF CHAPTER 8 WITHIN THE CURRENT THESIS 
Chapter 7 presented a preliminary psychometric evaluation of the eMAST 1.0, with a 
sample of 32 Australian adults with SCI. It found that the eMAST 1.0 demonstrated strong internal 
consistency, good test–retest reliability, good to excellent convergent validity with the QUEST 
2.0’s devices subscale (Demers et al., 2002a, 2002b), and moderate convergent validity with the 
modified SUS (Bangor et al., 2008). The findings suggested the eMAST 1.0 is a valid and reliable 
scale for measuring MSC usability in adults with SCI. This preliminary psychometric evaluation 
concluded Stage 4 of the five-stage questionnaire development methodology presented in Chapter 
5. Reporting of the psychometric validation work in the peer-reviewed literature contributed to 
completion of Stage 5 of the methodology. The purpose of this chapter is to describe the usability of 
MSCs in a sample of Australian adults with SCI, using the eMAST 1.0, thereby addressing 
Research Aim A5 of the thesis. 
 
Citation 
 
Friesen, E.L., Theodoros, D. and Russell, T.G. (in press). Usability of mobile shower commodes 
for adults with spinal cord injury. British Journal of Occupational Therapy.  
 
The text has been included as accepted for publication, with the exception of minor edits, 
and formatting changes to headings, tables and figures. The formatting of references has also been 
changed to ensure consistency throughout the thesis. A copy of the flyer used in participant 
recruitment is included in Appendix L. The Participant Information Sheet and Participant Consent 
Form for adults with SCI are shown in Appendix M. 
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8.2 ABSTRACT 
Introduction 
This paper describes the usability of mobile shower commodes (MSCs) for adults with 
spinal cord injury (SCI), as measured by the new electronic Mobile shower commode ASsessment 
Tool (eMAST) 1.0. 
Method 
A retrospective analysis of data collected for a cross-sectional validation study with adults 
aged 18 years or older, living with SCI, who use MSCs for toileting and/or showering (N = 32), was 
conducted. Usability was measured using the eMAST 1.0. Quantitative data were analysed using 
descriptive statistics. Qualitative data were analysed using directed content analysis. 
Results 
Overall usability on both the features and performance subscales was rated as high to very 
high. Ratings of very low to low usability were reported for portability / foldability / packability 
(41%, n = 13), MSC stability (25%, n = 8), positioning & repositioning (25%, n = 8), seat 
cushioning (25%, n = 8), and lower leg supports (22%, n = 7). Items receiving the highest number 
of qualitative comments included lower leg supports, seating propelling and manoeuvring, cleaning 
and maintenance, and stability. 
Conclusion 
Results across the eMAST 1.0’s subscales showed high to very high usability. However, 
analysis of individual items and qualitative comments showed specific areas of reduced usability for 
individual users. Item-level responses and qualitative comments suggest research is urgently needed 
in the areas of stability, portability, durability, and seating. Studies exploring use of the eMAST 1.0 
during initial provision, and after short– and long–term MSC use, are also needed. 
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Key findings 
• Overall MSC usability was high to very high on the eMAST 1.0’s MSC Features and 
MSC Performance subscales. 
• While the questionnaire has provision for calculating two subscales (MSC Features and 
MSC Performance), item-level responses identified specific areas of reduced ability. 
Qualitative comments gave insight into areas of reduces usability. 
What the study has added 
The study shows that MSC usability can be complex and multi-factorial for adults with SCI. 
Assessments of both item-level indicators and qualitative comments are needed to explore items 
with reducing usability for individual MSC users. 
Keywords 
activities of daily living, spinal cord injuries, usability, assessment, rehabilitation, self-care 
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8.3 INTRODUCTION 
Each year, between 300 and 400 adults over the age of 15 years acquire spinal cord injuries 
(SCIs) in Australia (Norton, 2010). SCIs are recognised as life-changing events that can lead to 
unique, chronic, and complex multi-system impairments for individuals (Consortium for Spinal 
Cord Medicine, 1998; Middleton et al., 2008). An important focus of SCI rehabilitation and life-
long management is the development of individualised routines for showering, intimate hygiene, 
and neurogenic bowel management (Consortium for Spinal Cord Medicine, 1998; Ford et al., 2014; 
Friesen, Theodoros, et al., 2015c). For many adults with SCI, particularly at the cervical and 
thoracic levels, these activities require use of assistive technologies (ATs) such as mobile shower 
commodes (MSCs) (Consortium for Spinal Cord Medicine, 1998; Ford et al., 2014; Spinal Outreach 
Team, 2013). Generally, MSCs for this population comprise a waterproof chair, on wheels, with a 
seat designed to facilitate hand access to the perianal area (Friesen et al., 2013). MSCs may assist 
mobility, promote independence, and reduce the likelihood of overuse injuries due to frequent 
transfers during showering and toileting activities (Consortium for Spinal Cord Medicine, 1998; 
Ford et al., 2014; Friesen, Theodoros, et al., 2015c). 
A range of concerns around MSC design, use, and usability are reported. Activities such as 
transferring onto and off the MSC, positioning the body to access the perianal area for bowel 
management, and reaching for showering supplies, are associated with an increased risk of falls 
(Friesen, Theodoros, et al., 2015c; Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Nelson et 
al., 1993). Skin breakdown and pressure injuries, which are common complications of SCI 
(Middleton et al., 2008), are associated with MSC use (Consortium for Spinal Cord Medicine, 1998; 
Friesen, Theodoros, et al., 2015c; Nelson et al., 1993). Propelling and manoeuvring MSCs across 
different flooring surfaces is a potential manual handling hazard to both MSC users, and caregivers 
providing assistance (Abraham, Davidson, & Johnson, 2013; Friesen, Theodoros, et al., 2015c; 
Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Nelson et al., 1993). Dissatisfaction with, and 
non-use of, MSCs is reported in Australia and internationally (Friesen, Theodoros, et al., 2015c; 
Harvey et al., 2012; Nelson et al., 1993). 
Despite their importance in SCI rehabilitation, MSCs have historically received little 
research attention (Consortium for Spinal Cord Medicine, 1998; Friesen et al., 2013; Nelson et al., 
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1993). Human factors and ergonomics approaches have previously informed MSC development 
(Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Nelson et al., 1993), however the resulting 
designs are not widely available (Friesen et al., 2013). In Australia, MSCs used by adults with SCI 
appear to be highly individualised, and incorporated extensive frame customisations and custom-
manufactured seating that may not be adequately trialled during service delivery (Friesen et al., 
2013; Friesen, Theodoros, et al., 2015c). While Australian clinical practice guidelines (CPGs) have 
been developed to guide individualised assessments (Ford et al., 2014; Spinal Outreach Team, 
2013), they lack evidence of standardisation or validation (Friesen, Russell, et al., 2015). To date, 
only one Australian study has investigated satisfaction with MSCs supplied during SCI 
rehabilitation (Harvey et al., 2012). Studies involving adults with SCI, and OTs with expertise in 
SCI rehabilitation, suggest that short– or long–term follow up of MSCs does not routinely occur in 
practice (Friesen, Theodoros, et al., 2015c; Harvey et al., 2012). 
The past decades have seen usability emerge as an important area of AT research focus 
(Arthanat et al., 2007; Lenker et al., 2005; Wessels, et al., 1996). The concept of usability has its 
origins in the fields of ergonomics, human factors engineering, and user-centred product design 
(Arthanat et al., 2007; Berg Rice, 2008), and is considered is a critical aspect of human-product 
interaction (Arthanat et al., 2007). Usability focuses on the efficiency, effectiveness, and 
satisfaction with which a user interacts with a device or product, and the environment, during 
performance of tasks or activities (Arthanat et al., 2007; Wessels, et al., 1996). For AT devices, 
usability may be influenced by a range of factors including features of the technology, the product 
or device itself, its compatibility with other ATs used for the same activities, the needs of users and 
caregivers providing assistance for activities, and the environments in which activities are 
undertaken (Arthanat et al., 2007; Berg Rice, 2008; Friesen, Theodoros, et al., 2015a; Iwarsson & 
Ståhl, 2003; Wessels, et al., 1996). 
Usability is generally assessed through one of two approaches: usability inspections by 
expert non-users (such as occupational therapists (OTs), other AT practitioners, designers, 
manufacturers, suppliers and funders); and usability testing with users (such as a person with 
disability, and paid or unpaid caregivers) (Berg Rice, 2008; Friesen, Russell, et al., 2015; Wessels, 
et al., 1996). Usability testing is considered indispensable in the design and development of AT 
devices and products (Berg Rice, 2008; Wessels, et al., 1996). For individual users, usability testing 
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can capture feedback during the assessment, refinement, and selection of AT, and identify changes 
needed after short– or long–term AT use (Berg Rice, 2008; Friesen, Russell, et al., 2015; Wessels, 
et al., 1996). While various methods can be used for usability testing, questionnaires appear to be 
the most common method for soliciting feedback from AT device users (Berg Rice, 2008; Magnier 
et al., 2012). Self-report questionnaires, particularly those administered by electronic means, can 
facilitate quick and cost-effective administration (Berg Rice, 2008; Magnier et al., 2012). They may 
be particularly useful where time and resources for follow up by an AT practitioner, such as an OT, 
are limited (Lenker et al., 2013; Middleton et al., 2008). Further, some aspects of AT usability are 
complex, multi-dimensional, and highly individualised (Arthanat et al., 2007; Friesen, Russell, et 
al., 2015; Iwarsson & Ståhl, 2003; Wessels, et al., 1996). A user’s experience and proficiency with 
AT can also influence usability. Over time, AT users gain exposure to a variety of environments of 
AT use, greater familiarity with AT use in environments such as the home, and achieve greater 
proficiency through practice (Arthanat et al., 2007). Researchers contend that these aspects can only 
be captured through the subjective self-report of users (Arthanat et al., 2007; Cooper, 2009; Friesen, 
Russell, et al., 2015). AT researchers recommend that questionnaires should be specific to the AT 
device concerned, reflect user-identified performance criteria, and take into account a user’s 
assessment of device performance across activities and in different contexts of use (Arthanat et al., 
2007; Cooper, 2009; Lenker et al., 2013; Lenker et al., 2005). Usability questionnaires should also 
be validated for well-defined user groups (Arthanat et al., 2007; Lenker et al., 2013; Lenker et al., 
2005). 
To this end, recent work by the authors has sought to explore the design, use, and usability 
of MSCs for adults with SCI (Friesen, Theodoros, et al., 2015a, 2015c). This work has culminated 
in development and preliminary psychometric evaluation of a questionnaire measuring MSC 
usability (Friesen, Russell, et al., 2015; Friesen, Theodoros, et al., 2015a; Friesen, Theodoros, & 
Russell, 2016). The questionnaire, named the electronic Mobile shower commode ASsessment Tool 
(eMAST) 1.0, reflects indicators of MSC usability derived from reviews of published literature, and 
interviews with Australian adults with SCI and OTs with expertise in SCI rehabilitation (Friesen, 
Russell, et al., 2015; Friesen, Theodoros, et al., 2015a). The purpose of this paper is to explore the 
usability of MSCs in a sample of Australian adults with SCI, using this new questionnaire.   
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8.4 METHOD 
The study involved a retrospective analysis of data collected for a cross-sectional evaluation 
of the eMAST 1.0, with a sample of Australian adults with SCI (Friesen et al., 2016). 
8.4.1 Participants 
A total of 32 Australian adults with SCI were recruited via SCI- and AT-related listservs, 
online forums, and published newsletters. Inclusion criteria were: (a) have a SCI (determined by 
self-report); (b) be 18 years of age or older; (c) use MSCs for toileting and/or showering activities 
(either independently or with the assistance of a carer); (d) possess a cognitive status adequate to 
answer questions about using their MSC and (e) have access to the internet (Friesen et al., 2016). 
All participants gave full, informed consent to participate in the study via an online consent form 
(Appendix M). 
8.4.2 Instrument 
The eMAST 1.0 measures the usability of MSCs from the perspective of adults with SCI. 
The questionnaire was developed using a standardised methodology (Friesen, Russell, et al., 2015; 
Friesen, Theodoros, et al., 2015a). It reflects indicators of MSC usability derived from reviews of 
published literature, and interviews with Australian adults with SCI and OTs with expertise in SCI 
rehabilitation (Friesen, Russell, et al., 2015; Friesen, Theodoros, et al., 2015a). The eMAST 1.0 
contains 26 questions in three sections. The first section, MSC Features, includes 10 items, rated on 
a 5–point Likert scale from 1 (very unhappy) to 5 (very happy) (Figure 4). The second section, MSC 
Performance, contains 11 items on the performance and use of MSCs across key activities (Figure 
5). Section 2 is rated on a 5–point Likert scale from 1 (strongly disagree) to 5 (strongly agree). 
Both sections allow for open-ended comments. Section 3 includes questions on the age of the MSC 
frame and seat (in years), and two items for users to list three positive and three negative aspects of 
their MSC (Figure 5). Although not formally evaluated, administration time for the eMAST 1.0 is 
estimated to be around 30 minutes. The eMAST 1.0 has demonstrated excellent content validity 
with a sample of OTs with expertise in SCI rehabilitation (Friesen, Theodoros, et al., 2015a). The 
eMAST 1.0’s 21 quantitative items have also demonstrated strong internal consistency, acceptable 
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test–retest reliability, and strong, positive correlations with two existing instruments, in a 
preliminary psychometric evaluation (Friesen et al., 2016). A full copy of the eMAST 1.0 is 
provided in Appendix H. It is also available online at http://goo.gl/eS0HfU 
 
 
MSC Features 
(Rated from very dissatisfied to very satisfied) 
MSC Performance 
(Rated from Strongly disagree to strongly agree) 
Think about the features on your Mobile Shower 
Commode. Please rate your satisfaction with 
each feature. 
If you are not sure, choose "Neither dissatisfied 
or satisfied". 
If the feature is not on your mobile shower 
commode, choose "Not applicable" (Rated from 
very dissatisfied to very satisfied) 
Think about the performance of your Mobile 
Shower Commode at home over the past week. 
If you are not sure, choose "Neither disagree or 
agree" for the statement. 
If the statement does not apply to your Mobile 
Shower Commode, choose "Not applicable". 
 
 1. Seat shape 11. The MSC is a good height for transfers (e.g. 
to and from the bed).  
 2. Seat cushioning 12. The MSC works with other equipment I use 
(e.g. slide board or hoist).  
 3. Arm supports 13. The MSC is easy to propel and manoeuvre. 
 4. Lower leg / foot supports 14. The MSC fits through doorways at home. 
 5. Back support 15. The MSC fits in the bathroom at home. 
 6. Overall MSC weight 16. The MSC fits properly over the toilet. 
 7. Tilt in space 17. The MSC and seat allow good access 
underneath for bowel care  
 8. Recline (angle between the seat and back 
support) 
18. The MSC allows me to reposition and shift 
my weight. 
 9. Portability, foldability, or packability 19. The MSC feels stable to use. 
10. Brakes 20. The MSC provides good support for my 
posture. 
 21. The MSC is easy to clean and maintain. 
Figure 4 Item wording, instructions, and scale responses for the eMAST 1.0’s quantitative items 
Note. MSC = Mobile Shower Commode  
 
Adapted from “Development, construction, and content validation of a questionnaire to test mobile shower 
commode usability”, by E. L. Friesen, D. Theodoros and T. G. Russell, 2015, Topics in Spinal Cord Injury 
Rehabilitation, 21(1), eAnnex, retrieved April 29, 2016 from http://goo.gl/eS0HfU  Copyright 2014 by E. L. 
Friesen, D. Theodoros and T. G. Russell. Adapted with permission. 
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Section 1: Do you have any comments on the FEATURES of your Mobile Shower Commode? 
 
Section 2: Do you have any comments on the PERFORMANCE of your Mobile Shower Commode? 
 
22. What are the most NEGATIVE aspects or features of your current Mobile Shower Commode? 
(List up to three) 
 
23. What are the most POSITIVE aspects or features of your current Mobile Shower Commode? 
(List up to three) 
 
Figure 5 Item wording for the eMAST 1.0’s qualitative items 
Note. MSC = Mobile Shower Commode  
 
Adapted from “Development, construction, and content validation of a questionnaire to test mobile shower 
commode usability”, by E. L. Friesen, D. Theodoros and T. G. Russell, 2015, Topics in Spinal Cord Injury 
Rehabilitation, 21(1), eAnnex, retrieved April 29, 2016 from http://goo.gl/eS0HfU  Copyright 2014 by E. L. 
Friesen, D. Theodoros and T. G. Russell. Adapted with permission. 
 
 
 
8.4.3 Data collection and analysis 
The eMAST 1.0 was operationalised as an online form using Survey Monkey 
(https://www.surveymonkey.com). Demographic data and participant characteristics including 
gender, state of residence, post code, level of SCI (neurological impairment), and years’ post-SCI 
were also collected. Post codes were classified according to the remoteness areas defined in the 
Australian Statistical Geographical Standard (ASGS), Table 3 (Australian Bureau of Statistics, 
2011).    
Quantitative data were initially analysed by calculating mean responses for each item. Next, 
the mean scores of the eMAST 1.0’s subscales of MSC Features and MSC Performance were 
calculated, and then combined for a total score. Finally, data for each item were collapsed from the 
5–point Likert scales into three categories to facilitate interpretation: 1–2 = very low to low, 3 = 
moderate, and 4–5 =high to very high (Arthanat, Nochajski, Lenker, Bauer, & Wu, 2009). 
Responses of 0 = not applicable were left unchanged. Both subscale scores, and the collapsed 
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scores for each item, were used for analysis using descriptive statistics. Quantitative data were 
analysed using SPSS for Windows version 23 (IBM Corporation, New York, NY). 
Qualitative data were analysed using directed content analysis (Hsieh & Shannon, 2005). In 
this approach, existing theory and prior research are used to create initial data categories for coding. 
Any text that cannot be categorised is reanalysed to determine if data can be considered a sub-
category of existing codes, or if new codes are needed (Hsieh & Shannon, 2005). This approach is 
considered useful for validating and extending conceptually a current theory (Hsieh & Shannon, 
2005). In the first instance, data in each section of the eMAST 1.0 was coded separately (i.e. MSC 
Features in Section 1, MSC Performance in Section 2, and positive and negative aspects of the MSC 
in Section 3). Data from all sections were then combined, recoded, and re-categorised for overall 
positive and negative comments. All qualitative data were stored in Microsoft Excel (2016) 
(Microsoft Corporation, Redmond, WA). Coding was done by hand (Hsieh & Shannon, 2005). 
8.4.4 Ethics 
A university medical ethics review committee approved the full study. The study was 
conducted in accordance with all requirements for research involving human subjects. The reporting 
of the study conforms to the STROBE statement for cross-sectional studies (Von Elm, Altman, 
Egger, Pocock, Gøtzsche, & Vandenbroucke, 2007). 
8.5 RESULTS 
Survey data were collected between April 2014 and November 2015. Characteristics for all 
participants are shown in Table 22. Of the sample, 66% were male and 34% were female (N = 32). 
Participants were, on average, 18.6 years post-SCI (range: 1 to 55 years) and had a neurological 
level of SCI at C5 or above (47%, n = 14). Two participants did not disclose the neurological level 
of their SCI. No participants were currently residing in the Northern Territory, South Australia, or 
Western Australia, and none resided in areas classified as remote or very remote according to the 
ASGS. The average age of participants’ MSC frames and seats were 8.5 years (range: 1 to 35 years) 
and 4.8 years (range: 1 to 35 years), respectively. 
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Table 22  Participant characteristics 
Participant characteristic (N = 32) Frequency, n (%) 
Gender 
 
Female 11 (34) 
Male 21 (66) 
State of residence 
 
Tas  1 (3) 
Qld  6 (19) 
ACT  7 (22) 
NSW  7 (22) 
Vic 11 (34) 
ASGS 
 
Major city 22 (69) 
Inner regional  7 (22) 
Outer regional  3 (9) 
 
Neurological level of SCI (n = 30) a  
L1 and below  1 (3) 
T2 to T12  9 (30) 
C6 to T1  6 (20) 
C5 and above 14 (47) 
Years post-SCI (N = 32) 
 
1–4 Years  7 (22) 
5–10 Years  3 (9) 
> 10 years 22 (69) 
Note. ACT = Australian Capital Territory; ASGS = Australian Statistical Geography Standard (Australian 
Bureau of Statistics, 2011); C = cervical; L = lumbar; NSW = New South Wales; Qld = Queensland; SCI = 
spinal cord injury; Tas = Tasmania; T = thoracic; Vic = Victoria. 
a
 Two participants did not report the neurological level of their SCI. 
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Table 23 shows usability results for all items and subscales of the eMAST 1.0. Overall, 
usability on the MSC Features subscale was high to very high for the majority of participants (69%, 
n = 22). At the level of individual items, the majority of participants reported high to very high 
usability for all MSC features, with the exception of tilt-in-space (item 7), recline (item 8), and 
portability / foldability / packability (item 9). Tilt-in-space was rated as not applicable by over 68% 
(n = 22) of participants, while recline was rated as not applicable by 38% (n = 12) of participants. 
More than 20% of participants reported usability as very low to low for portability / foldability / 
packability (item 9) (41%, n=13), seat cushioning (item 2) (25%, n = 8), and lower leg supports 
(item 4) (22%, n = 7). 
On the MSC Performance subscale, usability was high to very high for most participants 
(81%, n = 26). Usability for each item was also rated as high to very high by the majority of 
participants. A total of 25% of participants reported very low to low usability for two items: 
positioning & repositioning (item 18) (n = 8), and MSC stability (item 19) (n = 8) (Table 23). 
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Table 23  Mean usability ratings and item response frequencies. 
  Usability 
Item Mean (SD) Very low to 
low, n (%) 
Moderate, n 
(%) 
High to very 
high, n (%) 
Not 
applicable, 
n (%) 
1. Seat shape 3.9 (1.2)  6 (19) 3 (9) 22 (69) 1 (3) 
2. Seat cushioning 3.7 (1.3)  8 (25) 3 (9) 18 (56) 3 (9) 
3. Arm supports 4.1 (1.1)  4 (13) 2 (6) 26 (81) 0 (0) 
4. Lower leg supports 3.7 (1.6)  7 (22) 2 (6) 21 (66) 2 (6) 
5. Back support 4.0 (1.2)  5 (16) 2 (6) 25 (78) 0 (0) 
6. Weight of MSC 3.8 (1.1) 3 (9)  8 (25) 20 (63) 1 (3) 
7. Tilt-in-space 3.6 (1.3) 2 (6)  4 (13)  4 (13) 22 (69) 
8. Recline 4.1 (1.1) 1 (3)  5 (16) 14 (44) 12 (38) 
9. Portability / foldability / 
packability 
2.7 (1.4) 13 (41)  6 (19)  8 (25)   5 (16) 
10. Brakes 3.7 (1.2)  6 (19)  6 (19) 18 (56) 2 (6) 
MSC Features subscale 3.8 (1)  2 (6.3)  8 (25) 22 (69) – 
11. Height for transfers 4.0 (1.0) 3 (9) 3 (9) 22 (69)   4 (13) 
12. Works with other 
equipment 
4.2 (0.9) 1 (3)  4 (13) 21 (66)   6 (19) 
13. Propelling and 
manoeuvring  
3.9 (1.0)  5 (16) 1 (3) 24 (75) 2 (6) 
14. Fit through doorways 4.3 (0.7) 1 (3) 2 (6) 28 (88) 1 (3) 
15. Fit in bathroom 4.5 (0.7) 0 (0) 3 (9) 29 (91) 0 (0) 
16. Fit over toilet 4.2 (0.8) 1 (3)  4 (13) 22 (69)   5 (16) 
17. Access to bowel (perianal 
area) 
3.9 (1.1)  5 (16)  4 (13) 22 (69) 1 (3) 
18. Positioning & 
repositioning 
3.4 (1.1)  8 (25) 5 (16) 18 (56) 1 (3) 
19. MSC Stability 3.7 (1.3)  8 (25) 5 (16) 19 (59) 0 (0) 
20. Postural supports 3.7 (1.0)  4 (13) 7 (22) 21 (66) 0 (0) 
21. MSC cleaning & 
maintenance 
3.7 (1.0)  4 (13) 7 (22) 21 (66) 0 (0) 
MSC Performance subscale 3.9 (1) 0 (0) 6 (19) 26 (81) – 
eMAST 1.0 TOTAL 3.9 (0.6) 2 (6) 14 (44) 16 (50) – 
Note. eMAST = electronic Mobile shower commode ASsessment Tool; MSC = mobile shower commode; 
SD = standard deviation.   
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Qualitative data were analysed in February 2016. The MSC Features section received 5 
positive comments (n = 5) and 15 negative comments (n = 14). The MSC Performance section 
received 5 positive comments (n = 4) and 18 negative comments (n = 11). A further 3 comments 
were neutral and not classified. Section 3 of the eMAST 1.0, which invited participants to list up to 
3 positive and 3 negative aspects of the MSC, elicited 77 positive comments (range: 1 to 5 
comments per participant, n = 28), and 69 negative comments (range: 1 to 6 comments per 
participant, n = 30).  
Table 24 shows results after all comments were combined and recoded. Three subcategories 
emerged within MSC cleaning and maintenance (item 21): cleaning, maintenance, and 
replacement. The maintenance subcategory incorporated comments relating to the durability of 
MSC frames and seats. Additional codes were created for aesthetics, comfort, enabling 
independence, pan underneath, usability for care givers, and wheels or castors.  
 
  
153 
Table 24 Qualitative comments 
 Number of 
positive 
comments 
(n) 
Representative example of positive 
comments 
Number of 
negative 
comments 
(n) 
Representative example of negative comment 
1. Seat shape 8 (7) “good big seat opening” 7 (7) “Could have bigger indent for bowel care” 
2. Seat cushioning 10 (10) “Safe, padded cushion” 6 (5) “Although the seating has … ‘padding’, 
depending on how I am positioning … the seat 
will cause numbness in the left or right leg…” 
3. Arm supports 6 (6) “Armrests shape that enables hold on 
with my poor hand function’ 
4 (4) “Armrests too close to seat - difficult for carer to 
place sling” 
4. Lower leg supports 1 (1) “padded footrests” 8 (8) “I have skinny legs, and they keep falling 
through the gap between the feet holders” 
5. Back support 4 (4) “the height is good for someone with my 
level of injury” 
6 (6) “back strap has broken” 
6. Weight of MSC 1 (1) “light enough to manoeuvre” 5 (4) “frame weighs 12 kg, seat backrest & footplates 
weigh an additional 12 kg” 
7. Tilt-in-space 4 (4) “The tilt function is great for when I am 
dizzy” 
1 (1) “the high back tilt … can slip off … and I don’t 
have proper balance” 
8. Recline 0 (0) – 0 (0) – 
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 Number of 
positive 
comments 
(n) 
Representative example of positive 
comments 
Number of 
negative 
comments 
(n) 
Representative example of negative comment 
9. Portability / foldability / 
packability 
5 (4) “Can be folded for transport” 10 (10) “Unable to pack up for travel” 
10. Brakes 0 (0) – 3 (3) “Brakes need tightening up all the time” 
11. Height for transfers 1 (1) “Height for transfers” 5 (4) “MSC is considerably higher than my bed or day 
chair, which does make transfers into the MSC 
difficult.” 
12. Works with other 
equipment 
2 (2) “transfers are easy with … portable hoist 
that wraps around the front wheels…” 
1 (1) “Footrests catch on hoist” 
13. Propelling and 
manoeuvring  
8 (8) “I can propel using the wheels” 9 (9) “small caster wheels on front are too hard and 
don't traverse over strips, tiles or rugs” 
14. Fit through doorways 0 (0) – 1 (1) “It only just fits through doorways at home.” 
15. Fit in bathroom 2 (2) “my MSC is custom-made to fit me and 
my toilet/bathroom” 
0 (0) – 
16. Fit over toilet 3 (3) “ease of using over toilet” 2 (2) “don't have comfortable clearance between toilet 
& seat for carers during bowel care” 
17. Access to bowel (perianal 
area) 
3 (3) “allows good hand access for bowel 
care” 
6 (6) “Can’t do bowel therapy with left hand.” 
18. Positioning & 1 (1) “due to the vinyl material on seat it is 0 (0) – 
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 Number of 
positive 
comments 
(n) 
Representative example of positive 
comments 
Number of 
negative 
comments 
(n) 
Representative example of negative comment 
repositioning relatively easy for a carer to move or 
adjust my position slightly” 
19. MSC Stability 2 (2) – 12 (7) “Stability when leaning forward” 
20. Postural supports 1 (1) “it is custom-made for my posture” 0 (0) – 
21. MSC cleaning & 
maintenance 
    
Cleaning 5 (4) “easy to clean” 4 (4) “grooved tyres … allow soiling or mold build–
up” 
Maintenance 6 (5) “… has had minimal maintenance” 16 (10) “not so easy to maintain” 
Replacement 7 (3) “made to order to fit me” 11 (7) “design features need to be worked out with an 
assessor…” 
Additional categories     
Aesthetics 1 (1) “I have a [coloured] one so it’s less 
hospital-like” 
2 (2) “UGLY” 
Comfort 11 (10) “relatively comfortable with no pressure 
sores to date” 
5 (3) “creates pain” 
Enables independence 3 (3) “helps me shower independently” 2 (2) “If I don’t have additional support, I can’t do my 
bowel care thoroughly” 
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 Number of 
positive 
comments 
(n) 
Representative example of positive 
comments 
Number of 
negative 
comments 
(n) 
Representative example of negative comment 
Pan underneath 3 (3) “pan support under seat” 1 (1) “under seat pan not a good design” 
Usability for care 
givers 
3 (3) “easy for my carers to use” 5 (5) “don’t have comfortable clearance between toilet 
& seat for carers during bowel care’ 
Wheels / castors 8 (7) “Good quality wheels” 2 (2) “when wheels get built up with hair it gets hard 
to steer & push commode” 
Note. MSC = mobile shower commode. 
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8.6 DISCUSSION 
This paper describes the usability of MSCs for adults with SCI, as measured by the eMAST 
1.0. The study is the first to provide a comprehensive overview of MSC usability for an Australian 
population (Friesen et al., 2013). It builds on previous work to understand design and performance 
of MSCs for adults with SCI (Consortium for Spinal Cord Medicine, 1998; Malassigné, Nelson, 
Amerson, Salzstein, et al., 1993; Nelson et al., 1993), and to explore MSC design, use, and usability 
in Australian settings (Friesen, Theodoros, et al., 2015c; Friesen et al., 2016). 
Overall, the majority of participants reported high to very high levels of usability on the 
eMAST 1.0’s subscales of MSC Features (69%) and MSC Performance (81%). This result broadly 
correlates with the study by Harvey and colleagues (2012), where the majority of participants (97%) 
rated overall satisfaction with their MSCs as high to very high. However, Harvey et al. (2012) used 
a single question to measure overall satisfaction, whereas scores on the eMAST 1.0 were calculated 
from 21 items across the two subscales. Although overall usability levels were high to very high on 
the eMAST 1.0, ratings of very low to low were reported for some items. This suggests both item-
level responses and qualitative comments should be examined to identify specific areas of reduced 
usability. 
The lowest usability score was reported for MSC portability / foldability / packability (item 
9) with 41% of participants (n = 13) rating it very low to low. This feature also received one 
negative comment from each of 10 participants, compared with five positive comments from four 
participants. Generally, portability requires specification of foldable MSC frames (Friesen, 
Theodoros, et al., 2015c). However, folding frames compromise other aspects of usability, 
including MSC weight and stability (Friesen, Theodoros, et al., 2015a, 2015c). In the present study, 
one participant commented that his folding frame MSC weighed over 24 kg (Table 24). Recent 
research indicates that adults with SCI may not prioritise portability if MSCs are mostly used in the 
home environment (Friesen, Theodoros, et al., 2015a, 2015c). This may be the case when 
considering MSC stability, which is a major concern even with non-folding frame designs (Friesen, 
Theodoros, et al., 2015a, 2015c; Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Nelson et al., 
1993). MSC stability received usability ratings of very low to low from eight participants (25%). 
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Seven participants made 12 negative comments regarding this feature, while only two participants 
made positive comments. One observational study found that MSCs require greater floor-to-seat 
heights than wheelchairs in order to fit over toilets (Malassigné, Nelson, Amerson, Salzstein, et al., 
1993). The study’s authors concluded: “attention must be given to the wheel base and centre of 
gravity. The chair should not be ‘tippy’.” (Malassigné, Nelson, Amerson, Salzstein, et al., 1993) (p. 
89) [emphasis in the original text]. Australian studies indicate that changes to the rear wheel 
position are a common modification to improve access to the perianal region and propelling (Ford 
et al., 2014; Friesen, Theodoros, et al., 2015c). This in turn changes the wheel base, and can 
inadvertently introduce instability (Friesen, Theodoros, et al., 2015c). Australian CPGs recommend 
assessing stability during MSC trials (Ford et al., 2014; Friesen et al., 2013). However, evidence 
suggests that final, individualised MSC designs are rarely available for trial, suggesting stability 
testing may rarely occur in practice (Friesen, Theodoros, et al., 2015c). Investigations from both 
engineering and clinical perspectives appear needed to inform work on performance testing in 
published standards, and CPGs to guide clinical practice.  
Additional items receiving the highest proportion of very low to low usability responses ( > 
20%), were seat cushioning (25%), positioning & repositioning (25%), and lower leg supports 
(22%). Seat cushioning is a major concern for adults with SCI and experts in SCI rehabilitation 
(Friesen, Theodoros, et al., 2015a, 2015c; Malassigné, Nelson, Amerson, Salzstein, et al., 1993; 
Nelson et al., 1993). While this feature garnered only six negative comments from five participants, 
durability of seating materials was captured in negative comments on MSC maintenance. One 
possible explanation relates to the age of the MSC seats. These were, on average, 4.8 years old 
(range: 1 to 35 years). While current Australian CPGs do not provide an expected lifespan (Ford et 
al., 2014; Spinal Outreach Team, 2013), earlier CPGs, reports by expert clinicians, and empirical 
evaluations, give estimates ranging from six months to two years (Evans, 2006; Friesen, Theodoros, 
et al., 2015c; Solo, 2006). Further, studies suggest that degradation is rapidly accelerated when 
foam is exposed to liquid or moisture (Evans, 2006; Solo, 2006). Low usability ratings may reflect 
concerns or anxiety over how quickly seats deteriorate in use (particularly if covering materials fail 
and allow water ingress), and difficulties in obtaining replacements as part of maintenance 
activities. Similar concerns were identified in earlier qualitative studies and warrant further 
investigation (Friesen, Theodoros, et al., 2015a, 2015c). 
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Only one participant commented on positioning & repositioning (item 18). The comment, 
linking positioning with the materials used for the seat and actions of a caregiver, demonstrates how 
aspects of usability can be complex, multi-dimensional, and highly individualised (Table 24) 
(Arthanat et al., 2007; Friesen, Russell, et al., 2015; Iwarsson & Ståhl, 2003). For the remaining 
participants, it is possible that other usability indicators factored into ratings for this item. Since 
repositioning involves movement, poor MSC stability may contribute to perceptions of low 
usability for this item (Friesen, Theodoros, et al., 2015c). For adults with SCI at higher neurological 
levels, repositioning to manage postural hypotension, pressure redistribution, and postural stability 
may be difficult without tilt-in-space features (Consortium for Spinal Cord Medicine, 1998; Ford et 
al., 2014). Despite over 43% of participants reported having SCIs at levels where these issues 
require consideration (C5 or above) (Consortium for Spinal Cord Medicine, 1998; Ford et al., 
2014), 69% (n = 22) answered not applicable on this item. This suggests their MSCs did not have 
this feature. Clinically, this is unsurprising since manual tilt-in-space mechanisms can only be 
activated by a caregiver and not by a user seated in the MSC (Consortium for Spinal Cord 
Medicine, 1998). Adults with SCI who are independent in self-care are unlikely to prioritise this 
feature, even though usability for positioning may be affected (Friesen, Theodoros, et al., 2015a, 
2015c). 
In addition to very low to low usability ratings, lower leg supports received eight negative 
comments from participants. Two concerns identified were lack of padding on the foot supports, 
and interactions with other AT during the activity of transfers. Published studies have identified 
similar concerns, and specifically noted interference between MSCs and other AT including hoists 
and slide boards (Friesen, Theodoros, et al., 2015a, 2015c; Malassigné, Nelson, Amerson, Salzstein, 
et al., 1993; Nelson et al., 1993). Interactions with other AT is an identified component of AT 
usability (Arthanat et al., 2007; Berg Rice, 2008; Friesen, Theodoros, et al., 2015a; Iwarsson & 
Ståhl, 2003; Wessels, et al., 1996), and results here support recommendations to assess these 
interactions during individualised AT assessments. 
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8.6.1 Implications 
The findings of this study offer new insights into the design, use and usability of MSCs, and 
have implications for usability testing in two broad areas: design and development of MSCs, and 
MSC service delivery.  
For MSC designers and developers, the findings highlight aspects of MSC design requiring 
urgent research attention. These include MSC stability, maintenance and durability, and seating. All 
are associated with incidents that either cause injuries to MSC users, lead to unplanned changes in a 
user’s bowel management and self-care routines, or create the need for urgent intervention by AT 
practitioners and suppliers (Friesen, Theodoros, et al., 2015c; Malassigné, Nelson, Amerson, 
Salzstein, et al., 1993; Nelson et al., 1993; Wessels, et al., 1996). Many aspects of usability 
identified in this study are also issues in the wheeled mobility and seating literature. For example, 
the original performance tests for MSC stability were drawn from wheelchair standards 
(Malassigné, Nelson, Amerson, Salzstein, et al., 1993). Studies exploring the durability of 
wheelchair frames and seats, and subsequent impact on maintenance, have informed work on 
preventative maintenance (Worobey, Oyster, Nemunaitis, Cooper, & Boninger, 2012). In wheeled 
mobility, the term “seating” includes items that received the lowest usability ratings in this study, 
such as seat shape and cushioning, positioning and repositioning, propelling and manoeuvring, and 
foot supports (Ford et al., 2014; Titus et al., 2014). Seating is crucial in SCI rehabilitation, as it 
directly impacts postural alignment, functioning, pressure injury and skin integrity, fatigue, 
discomfort, and safety during seated activities (Ford et al., 2014; Titus et al., 2014). Results 
presented here suggest MSC seating warrants levels of research attention similar to those afforded 
to wheeled mobility. 
In addition to immediate research needs, the findings raise broader questions around the 
design and performance testing of commercialised MSC designs. Specifically, do current MSC 
designs reflect the user-identified features and performance criteria identified in the eMAST 1.0? 
Do performance tests in published standards adequately capture the usability indicators identified 
by users and expert OTs? If, as evidence suggests, Australian MSCs have extensive frame 
customisations and custom-manufactured seating, do the MSC designs subjected to performance 
testing using published standards adequately reflect the range of individualised MSC designs? 
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These questions are central to user-centred design approaches recommended by AT researchers and 
could form the basis for this work (Berg Rice, 2008; Cooper, 2009; Magnier et al., 2012; Wessels, 
et al., 1996). 
Although conducted in Australia, the study’s findings have implications for AT 
Practitioners, such as OTs, involved MSC assessment, refinement, and selection.  
Previous research described a process of “expert reflection”, whereby adults with SCI and 
expert clinicians identified incompatibilities between various MSC features and performance 
criteria, and made decisions about priorities and possible compromises during service delivery 
(Friesen et al., 2015c) (p. 43). Findings here suggest the eMAST 1.0 offers a valid and reliable 
means of capturing user feedback, according to criterion that are both user-identified and MSC-
specific (Berg Rice, 2008; Cooper, 2009; Lenker et al., 2013). Item-level responses may promote 
this “expert reflection” as various MSC specifications are refined and selected (Friesen et al., 
2015c) (p.43), and highlight specific areas of concern or possible improvement (Arthanat et al., 
2009; Heaton and Bamford, 2001). Further, item-level responses could facilitate identification and 
tracking of these criteria over time (Friesen et al., 2015b; Wessels et al., 1996). This has potential to 
provide valuable information for adults with SCI and AT practitioners on changes in usability over 
time. The eMAST 1.0 is designed as a self-report questionnaire, operationalised using an online 
platform, and does not require administration by an AT practitioner. Results are easily interpretable 
at the item level (Friesen et al., 2015b; Friesen et al., 2016), potentially enabling adults with SCI to 
self-monitor MSC usability, and initiate referrals to appropriate AT services as needed. Recent 
evidence suggests Australian adults with SCI may already self-manage their ongoing MSC needs 
and referrals (Friesen et al., 2015c). The eMAST 1.0 could therefore provide both quantified 
usability ratings, and act as a “prompt” for MSC users to reflect on specific MSC features and 
performance characteristics (Friesen et al., 2015b). Such use of the eMAST 1.0 could mitigate some 
concerns about the lack of follow up with adults with SCI identified in Australian studies (Friesen et 
al., 2015c; Middleton et al., 2008; Harvey et al., 2012). 
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8.6.2 Limitations 
Two primary limitations of this study are the small sample size and potentially non-
representativeness of the sample. As reported in the earlier psychometric evaluation, the sample size 
was small and may not capture the full range of experiences of MSC usability (Friesen et al., 2016). 
The sample’s ratio of males to females (1.9:1) was smaller than previously reported Australian 
estimates (2.5:1 to 5.3:1) (Friesen et al., 2016; Norton, 2010). There were no participants from the 
Australian states of Northern Territory, South Australia, or Western Australia, and none resided in 
areas considered either remote or very remote according to the ASGS (Australian Bureau of 
Statistics, 2011). Incidence rates of SCI for adults residing in the Northern Territory and Western 
Australia are significantly higher than the national incidence rate (Norton, 2010). Adults residing in 
remote and very remote areas of Australia also tend to be over-represented in statistics on SCI 
incidence (Norton, 2010). Future studies should aim to recruit participants from these areas to 
determine if similar MSC usability issues are present. 
Three additional limitations should be noted. First, the study did not seek the view of paid or 
unpaid caregivers providing assistance to adults with SCI. Caregivers are considered users of 
MSCs, and may have different perceptions of MSC features and performance that impact usability 
(Abraham et al., 2013; Friesen, Theodoros, et al., 2015c). Future studies should include this 
important user group. Second, it was beyond the scope of the study to collect baseline usability data 
at the time of initial MSC provision. Therefore, it is not known if usability issues reported here were 
present, or had emerged subsequently. It is possible that some items rated as having very low to low 
usability, such as portability, were present at the time of provision. This could occur as the result of 
design choices made during the refinement and selection process (Friesen, Theodoros, et al., 
2015c). Study designs that allow for collection of baseline data are therefore recommended as part 
of future development work. Finally, the study did not consider the administrative properties of the 
eMAST 1.0, such as time for completion. This information, along with guidelines for 
administration, scoring and interpretation of results, can be used by AT practitioners for evaluating 
and selecting instruments used in practice (Friederich et al., 2010; Lenker et al., 2005; Portney & 
Watkins, 2009; Wessels, et al., 1996). Work to establish both the eMAST 1.0’s administrative 
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properties, and admistration guidelines for its implementation and use in practice, should be 
prioritised.   
8.7 CONCLUSIONS 
This study explored the usability of MSCs for adults with SCI, using a questionnaire 
specifically designed for this purpose. Overall, MSC usability was rated as high to very high on 
both subscales of the eMAST 1.0. However, analysis of individual items and qualitative comments 
showed specific areas of reduced usability for individual users. Item-level responses also gave 
insight into aspects of MSC features and performance in urgent need of research attention. In 
particular, future studies could investigate MSC design and refinement in the areas of stability, 
portability, durability, and seating as they related to the needs of adults with SCI. Studies focusing 
on MSC service delivery, both during assessment and specification, and after short– or long–term 
use, are also needed. Studies exploring the use of the eMAST 1.0 by AT practitioners, such as OTs, 
are also needed to inform service delivery in this important area of SCI rehabilitation. 
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Chapter 9: Summary and conclusions 
This thesis examined the design, use, and usability of MSCs for adults with SCI. 
Specifically, the aims of the thesis were to: (1) appraise the overall quality of evidence concerning 
MSCs used by adults with SCI through an exploratory literature review; (2) explore MSC use, 
features, performance, and service delivery through a qualitative interview study; (3) utilise results 
of the exploratory literature review and qualitative interview study, and a standardised methodology 
for development of health measurement and test scales, to develop a questionnaire testing MSC 
usability; (4) assess the questionnaire's psychometric properties of content validity, test–retest 
reliability, and convergent validity with a sample of adults with SCI; and (5) describe the usability 
of current MSCs in an existing population of adults with SCI as measured by the new questionnaire. 
This chapter (Chapter 9) summarises the important findings of the research, discusses the 
implications and limitations of the findings, and outlines future directions for research.  
9.1 SUMMARY 
Chapter 1 provided a brief introduction and overview of the thesis. 
Chapter 2 introduced the reader to the study of usability as it relates to AT devices. It 
provided a definition of usability from ISO 9249—11:1998 that has formed the basis for an 
increasing number of AT usability studies (International Organization for Standardization, 1998). 
Of the three prominent theoretical models of AT design and service delivery described in the AT 
literature, the PHAATE model was deemed the most applicable for exploring interacting 
components of MSC usability (Cooper, 2007). Chapter 2 also introduced readers to two major 
research considerations in AT usability testing: points at which usability can be tested, and 
development of AT device-specific, rather than generic, questionnaires for usability testing.   
Chapter 3 presented an exploratory literature review to apprise evidence on the clinical 
assessment, design, and performance testing of MSCs for adults with SCI. Two research questions 
guided this review: What evidence exists for the clinical assessment, design and performance 
testing of MSCs, and what is the overall quality of evidence concerning MSCs used by adults with 
SCI? No limitations were placed on the language or type of study, and descriptive methodologies 
  
165 
such as observation, interviews and surveys, and grey literature were included (Portney & Watkins, 
2009). This approach ensured that the “best available” research and current perspectives on clinical 
practice could be synthesised and disseminated (Law & MacDermid, 2008) (p. 13). The review 
found no recent, high-level evidence concerning the clinical assessment, design, and performance 
testing of MSCs for adults with SCI. The highest levels of evidence located were two case-control 
studies at Level 7 of Jovell and Navarro-Rubio’s 9–level classification (1995, as reported in Roine, 
et al. 2001). A further ten descriptive studies, CPGs based on clinical consensus techniques, and 
published standards, were appraised at Level 8. Publications were generally consistent in describing 
components of clinical assessments for bowel care and intimate hygiene, an individual’s functional 
capacity, and skin integrity, but less consistent on components associated with bathing, showering, 
and cleaning extremities of the body. The most common clinical assessment methods were 
observations in the client’s home, observation in a simulated dry or wet environment, and 
questionnaires. Although Australian CPGs were located, these were not standardised and had not 
undergone external validation. All publications identified design features or specifications for the 
MSC frame and seat, and all addressed design issues affecting use of MSCs for bowel management 
and showering. Most also considered design issues affecting propelling, manoeuvring, and transfers 
on and off the MSCs. Five studies outlined how design features of MSCs affected users’ 
functioning and safety during four activities of transferring, propelling (transporting), bowel care, 
and showering. Further, findings suggested that MSCs used in the Australian context were highly 
individualised through use of customisation and custom-manufactured components such as frames 
and seats. Overall, results of the exploratory literature review suggested a need for evidence on use 
of MSCs, in order to understand interactions between an adult with SCI, their MSC, and the 
physical environment, during activities including propelling, showering, and bowel management. 
Development of validated or standardised tools for clinical assessment, particularly in Australian 
settings, was also recommended. 
Based on findings and recommendations from the exploratory literature review, a qualitative 
interview study was conducted and reported in Chapter 4. The study aimed to explore: (1) how 
adults with SCI interacted with MSCs during functional activities of transfers, propelling and 
manoeuvring, bowel care and showering, (2) features of MSCs that facilitated or hindered 
performance of activities, and (3) how expert clinicians and adults with SCI made decisions about 
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design and features of MSCs. Consistent with the focus on AT usability described in Chapter 2, the 
PHAATE model was selected as the underpinning theoretical framework for the study (Cooper, 
2007). A total of seven adults with SCI and eight expert clinical prescribers were recruited and 
interviewed using semi-structured interview guides. A thematic analysis of transcripts revealed 
three themes and twelve sub-themes, with substantial links evident both between and across these 
themes: 
 
1. Activities, routines, and interacting factors: 
a) Nine activities (transfers, propelling and manoeuvring, bowel care, showering, 
dressing and drying, (re)positioning, MSC cleaning, inspection and 
maintenance, preparing for travel, other activities); 
b) Six interacting factors (activity, the user’s functional abilities and choice for 
independence, paid or unpaid assistance, features of the MSC, interactions with 
the physical environment, additional AT devices, and policy implication);  
c) Three distinct routines (“usual” routines conducted at home, routines 
associated with planned travel away from home, and temporary routines that 
emerged due to unexpected or unanticipated changes in one or more activities); 
2. Features for functioning 
a) Under-seat access 
b) Seat design and durability 
c) Supportive and movable armrests 
d) Large rear wheels or castors 
e) Portability 
f) Size and fit (in environments of use) 
3. Getting it right.  
a) Expert reflection 
b) Who’s involved 
c) “It’s just a guess” 
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Of the nine activities identified in Theme 1, five had not been previously reported in the 
literature: (un)dressing and drying; (re)positioning; MSC cleaning, inspection and maintenance; 
preparing for travel; and other activities. Similarly, the grouping of these activities into three 
distinct routines—a usual routine at home, a routine for travel, and unplanned or temporary 
routines—had not been previously reported. The PHAATE model appeared to capture relevant 
factors affecting MSC design and performance. However, the model includes a single factor of 
Assistance and Technology to include both ATs, and assistance (from paid or unpaid caregivers), 
needed to perform activities. Results in this study suggested that the interaction of these elements 
differed across specific activities. Similarly, the factors of policy, and physical environment could 
also vary across difference activities. Assessing each factor, across each activity associated with 
MSC use, was necessary so that contradictions and compromises in MSC features could be resolved 
in the final MSC design.   
Participants reported variable processes for refining MSC frame and seat specifications, 
resulting in final MSC specifications that were highly individualised to meet the needs of individual 
users. Participants also identified a range of AT practitioners and suppliers who may be involved. 
Participants indicated that MSC service delivery does not always involve expert clinicians, and that 
assessments often relied on observations and experience rather than use of standardised instruments. 
Moreover, results suggested that provision of customised and custom-made MSCs did not follow 
the usual service delivery processes of AT assessment, recommendation, funding approval, device 
assembly and training identified in the literature (Lenker et al., 2013) (p. 3). Specifications for MSC 
frames and seats were not manufactured until after funding was secured, meaning the device 
assembly stage was the first opportunity for participants to trial any individualised MSC frame and 
seat configurations, such as location of the under-seat access, seat design and wheel height. 
Unanticipated problems only became apparent at this point. This process resembled assessment of a 
working prototype, which is usually conducted during the formative AT design stage, and prior to 
commercial production. Overall, the results suggested efforts to standardise and validate existing 
CPGs across jurisdictions, or develop new clinical assessment instruments, should be prioritised to 
guide clinical practice and service delivery. 
Chapter 5 proposed a five-stage methodology for developing a new questionnaire assessing 
MSC usability. The human factors and ergonomics literature describes few standardised approaches 
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for developing usability-related instruments (Bridgelal Ram et al., 2008). It was therefore necessary 
to draw on established methodologies from another domain, and a standardised methodology used 
to develop health measurement scales was adopted (Portney & Watkins, 2009). Stages 1 and 2 of 
the methodology were also reported in Chapter 5. The definition of usability from International 
Organization for Standardization (ISO) 9249—11:1998 Guidance on usability (1998) was adopted 
to underpin development of the questionnaire. The PHAATE model (Cooper, 2007) was selected as 
the theoretical framework of AT device and service delivery that could be mapped to this definition. 
Stage 2 involved reviewing existing instruments, to ascertain if any existing instruments had 
potential for use, or could be adapted for use, to meet the research objectives (Portney & Watkins, 
2009). No such instruments were identified in the exploratory literature review (Chapter 3). Further, 
as Chapter 2 outlined, the use of AT device-specific questionnaires that report validation for well-
defined population groups is preferred (Bridgelal Ram et al., 2008; Lenker et al., 2013; Lenker et 
al., 2005). Development of a new questionnaire, measuring usability of MSCs for adults with SCI, 
appeared warranted. 
Development and construction of the new questionnaire (Stage 3) was reported in Chapter 6. 
User preferences for its format were solicited through interviews with its potential users: adults with 
SCI and expert clinicians involved in MSC assessment, refinement, and specification. Users 
indicated preferences for a short questionnaire that captured both MSC features and MSC 
performance across activities of MSC use. Two methods were selected for identifying potential 
indicators of MSC usability and for developing the item bank: reviewing relevant literature on 
MSCs for adults with SCI and soliciting expert judgments of adults with SCI and expert clinicians. 
Relevant literature was identified from the published exploratory literature review, and updated 
literature search, described in Chapter 3. Expert judgments of adults with SCI and expert clinicians 
were also solicited through analysis of transcripts from the published qualitative interview study 
described in Chapter 4. Once usability indicators were identified and classified, construction of the 
preliminary questionnaire was undertaken through consensus approaches between the researchers. 
An assessment of the new questionnaire with a small panel of expert clinicians revealed content 
validity indices of valid or highly valid for all items. This confirmed the thesis’ first experimental 
hypothesis. The final questionnaire, eMAST 1.0, was constructed with minimal changes from the 
draft version. 
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Chapter 7 described a preliminary psychometric analysis of the eMAST 1.0’s 21 
quantitative items. Experts on measurement instruments used in AT research recommended 
assessing test–retest reliability and construct validity (Lenker et al., 2005). Assessing concurrent 
validity against existing instruments was also recommended where suitable existing measures could 
be identified (Crocker & Algina, 1986; Lenker et al., 2005; Portney & Watkins, 2009). A cross-
sectional validation study was therefore undertaken with 32 Australian adults with SCI, aged 18 
years or older, who used MSCs for toileting and / or showering. As hypothesised, the eMAST 1.0 
demonstrated strong internal consistency (Cronbach’s alpha = .73, N = 32), acceptable test–retest 
reliability (ICC (3,1) = .75 [.53 – .89, 95% confidence interval] (n = 27), and good to excellent 
convergent validity with the QUEST 2.0’s devices subscale (Demers et al., 2002a) (r (n = 31) = .70, 
p < .001. Convergent validity with the modified SUS (Bangor et al., 2008) was moderate r (n = 31) 
= .63, p < .001, though still considered strong and positive. Results of this preliminary psychometric 
analysis indicated the eMAST 1.0 was a valid and reliable scale for measuring MSC usability in 
adults with SCI. Overall, these results also confirmed the four experimental hypotheses for the 
thesis (Chapter 1). 
In Chapter 8, the usability of MSCs, for Australian adults with SCI, was assessed using the 
eMAST 1.0. A retrospective analysis of data collected for the cross-sectional psychometric 
evaluation in Chapter 7, involving 32 Australian adults with SCI, was conducted. The analysis 
found that overall usability on both the features and performance subscales was rated as high to very 
high. However, analysis of individual items and qualitative comments showed specific areas of 
reduced usability for individual users. Ratings of very low to low usability were reported for 
portability / foldability / packability (41%, n = 13), MSC stability (25%, n = 8), positioning & 
repositioning (25%, n = 8), seat cushioning (25%, n = 8), and lower leg supports (22%, n = 7). 
Items receiving the highest number of qualitative comments included lower leg supports, seating 
propelling and manoeuvring, cleaning and maintenance, and stability. These item-level responses, 
and qualitative comments, demonstrated both the individualised nature of usability, and the 
importance of developing questionnaires that are AT device-specific and reflect issues identified by 
device users. The findings also showed that research is urgently needed in the areas of MSC 
stability, portability, durability, and seating. Studies exploring use of the eMAST 1.0 during clinical 
assessments, and after short– and long–term MSC use, were also recommended. 
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9.2 IMPLICATIONS 
The findings presented in this thesis provide new insights into the design, use and usability 
of MSCs, and have implications for usability testing in MSC design and service delivery. In terms 
of usability research, the findings supported previous work showing that AT usability is subjective, 
highly individualised, and unique to the individual AT users, their AT device, the activities being 
performed, and environments of use (Arthanat et al., 2007; Cooper, 2007; Iwarsson & Ståhl, 2003; 
Wessels, et al., 1996). Further, the findings supported assertions elsewhere that usability is 
complex, multi-dimensional, and subject to change over time (Arthanat et al., 2007; Iwarsson & 
Ståhl, 2003). Broadly, the findings presented here supported the use of approaches from the 
ergonomics, human factors engineering, and PAD literature to capture key use and usability criteria 
for subsequent assessment (Berg Rice, 2008; Cooper, 2009; Ding et al., 2007; Malassigné et al., 
2000). These approaches, and recommendations from clinical researchers in AT interventions 
(Lenker et al., 2013; Lenker et al., 2005; Mortenson & Miller, 2008; Wessels, et al., 1996), 
emphasise the need to include users at all stages of AT design, service delivery, and assessment of 
outcomes after short– or long–term use. To this end, use of the PHAATE model (Cooper, 2007), as 
a theoretical underpinning framework to facilitate heuristic exploration of usability, appeared 
appropriate. However, an understanding of Policies, Assistance, other ATs, physical Environment 
and MSC features appeared needed for each Activity, so that contradictions and compromises in 
MSC features could be resolved in the final MSC designs or specifications (Cooper, 2007). 
The preliminary psychometric analysis of the eMAST 1.0 indicated it is a valid and reliable 
questionnaire for testing usability of MSCs for adults with SCI (Chapter 7). It was developed in 
consultation with MSC users, and OTs with expertise in SCI rehabilitation, and therefore captures 
user-identified criteria across its features and performance subscales. In this respect, the thesis 
demonstrated the applicability of a rigorous, standardised methodology for developing health 
measurement scales (reported in Chapter 5) in development of usability testing questionnaires 
(reported in Chapters 6 and 7). This methodology has relevance for human factors and AT 
researchers seeking to develop valid and reliable usability testing questionnaires (Berg Rice, 2008; 
Magnier et al., 2012).  
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While the eMAST 1.0 has provision for calculating overall usability on its two subscales, 
findings reported in Chapter 8 demonstrated that examining item-level responses and qualitative 
comments facilitate identification of specific areas of reduced MSC usability. Item-level responses 
may enable discrimination between MSC designs during service delivery, and particularly during 
MSC refinement and selection processes. They may also allow changes in usability indicators to be 
identified and tracked over time. Since the eMAST 1.0 was designed as a self-report questionnaire, 
and operationalised using an online platform, it does not require administration or interpretation by 
an AT practitioner. The eMAST 1.0 could potentially be used by adults with SCI to self-assess 
MSC usability, identify changes requiring intervention, and initiate referrals to AT practitioners or 
suppliers as required. This approach could help address concerns raised about inadequate follow up 
after service provision in both AT (Biering-Sørensen et al., 2009; Lenker et al., 2005; Middleton et 
al., 2008; Mortenson & Miller, 2008), and SCI rehabilitation (Cox et al., 2001; Middleton et al., 
2008; Wessels, et al., 1996). 
In terms of MSC design, many crucial design and performance issues identified in earlier 
studies were still issues of note in the present thesis (Malassigné, Nelson, Amerson, Salzstein, et al., 
1993; Nelson et al., 1993). The stability of MSCs during use, maintenance and durability, and 
seating emerged as the most pressing usability concerns in current MSC designs. All are implicated 
in incidents that cause either injury to MSC users, unplanned changes to routines for self-care, or 
the need for urgent intervention by AT practitioner and suppliers (Friesen, Theodoros, et al., 2015c; 
Malassigné, Nelson, Amerson, Salzstein, et al., 1993; Nelson et al., 1993). These findings were 
identified in qualitative studies (Chapters 4 and 6), and captured using the eMAST 1.0 (Chapter 8). 
As such, they demonstrated the importance of using user-centred approaches, described in the 
human factors engineering, PAD, and AT design literature, to identifying usability issues (Berg 
Rice, 1998; Cooper, 2007; Ding et al., 2007; Wessels, et al., 1996). 
MSCs described in the thesis appeared to be highly individualised and manufactured to the 
unique needs of each adult with SCI (Ford et al., 2014; Friesen, Theodoros, et al., 2015a, 2015c; 
Spinal Outreach Team, 2013). While individualisation is common in AT service delivery (Borisoff, 
2010; Cooper, 2007; O’Rourke et al., 2014), it is usually accomplished through customisations that 
are commercially available from the manufacturer (Therapeutic Goods Administration, 2012). 
MSCs in the present study included custom-manufactured MSCs seats and frame modifications, to 
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facilitate the user’s access to the perianal area for bowel care (Friesen, Theodoros, et al., 2015c). 
This extensive use of custom-made components, defined as those designed and fabricated to meet a 
specific individual’s needs (Therapeutic Goods Administration, 2012), appeared unique to the 
Australian context (Chapters 3 and 4). The prevalence of highly individualised MSC frames and 
seats presents challenges for stakeholders involved in MSC service delivery. Custom-made MSC 
components are not manufactured during MSC refinement and specification, and generally cannot 
be trialled prior to MSC provision (Friesen, Theodoros, et al., 2015c). As such, service delivery 
processes described in the present thesis did not appear to reflect those theorised in the literature. 
Moreover, processes for assessing, refining, and specifying MSC frame and seat modifications 
appeared variable, with stakeholders appearing to rely on observations, experience, and their own 
“expert reflection”, rather than standardised assessments or CPGs (Friesen, Theodoros, et al., 
2015c) (p. 42). These variations introduced uncertainty into the MSC refinement and selection 
process, and may have contributed to confusion and uncertainty over MSC provision reported in the 
thesis. These factors may have also impacted on usability results captured using the eMAST 1.0 and 
reported in Chapter 8.  
9.3 LIMITATIONS AND FUTURE DIRECTIONS 
Two primary limitations across studies reported in this thesis were sample sizes, and 
representativeness of samples. In both the qualitative study (Chapter 4), and subsequent validation 
studies (Chapters 7 and 8), sample sizes were small and did not fully represent the Australian 
population of adults with SCI in terms of geographical location or gender. Although small sample 
sizes were consistent with the exploratory and preliminary nature of the studies, it would be 
beneficial to extend investigations reported in this thesis to larger samples of MSC users, with a 
specific focus on those living in remote and very remote areas of Australia. Since efforts to recruit 
participants from across all Australian states and territories using national listservs and email lists 
were unsuccessful, different strategies may be needed for future studies. In the USA, Krahn and 
colleagues (2008) reported modest success in using AT (equipment) suppliers to assist with 
participant recruitment. More recently, Mood and colleagues (2015) have developed a conceptual 
framework for recruiting and retaining women with physical disability in interventional research 
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studies. Use of these strategies should be investigated to ensure future studies recruit and retain 
more representative samples of adults with SCI. 
Two additional limitations must be noted. First, the views of paid or unpaid attendant 
caregivers were not captured during the eMAST 1.0’s development (Chapters 4 and 6), nor in its 
subsequent validation work and use (Chapters 7 and 8). Attendant caregivers are considered AT 
users, and capturing their views is strongly recommended by AT researchers (Cooper, 2007; 
Demers et al., 2009; Mortenson et al., 2012). Studies that specifically recruit caregivers who assist 
some MSC users with activities of daily living, including personal care, are therefore needed 
(Demers et al., 2009; Mortenson et al., 2012). Finally, efforts to recruit AT practitioners with 
expertise in SCI rehabilitation from a wide range of clinical and professional disciplines in the 
qualitative study (Chapter 4), and instrument development study (Chapter 6), were unsuccessful. As 
a result, these studies only captured the views of OTs with expertise in SCI rehabilitation. Future 
studies should aim to recruit less-experienced OTs involved in MSC service delivery, as well as 
other stakeholders including rehabilitation engineers and other technical personnel, 
physiotherapists, nurses, and AT suppliers and manufacturers (Berg Rice, 2008; Cooper, 2007; 
McQuistion, 1993; Mortenson & Miller, 2008). 
There is an urgent need to verify four key findings in this thesis: design concerns with MSC 
frames and seats; activities and routines associated with MSC use; provision of highly 
individualised MSCs; and questions about service delivery processes. Design concerns identified in 
this thesis included MSC stability, maintenance and durability, and seating. Prevalence of these 
reported problems should be investigated as a matter of urgency with larger populations of MSC 
users and caregivers. The eMAST 1.0, as a validated usability testing questionnaire, offers a means 
to capture user-identified, and MSC-specific, usability criteria in such studies. Usability inspections 
by expert non-users involved in MSC service delivery could also provide greater insight into the 
design and performance issues reported in this thesis. Since findings affirmed the importance of 
assessing MSCs in “real world” environments such as the user’s home, use of telerehabilitation to 
do this may be advantageous. Preliminary research in SCI rehabilitation shows some success in 
using these modalities for functional assessment of activities of daily living (Cronkite, Hill, Kiratli, 
Halvorson, & Ota, 2014; Woo, Guihan, Frick, Gill, & Ho, 2011). 
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The qualitative study presented in Chapter 4 identified five previously unreported activities, 
and three distinct routines, associated with MSC use. These notable finding requires further 
empirical validation. Again, usability inspections by expert non-users, and testing by MSCs users, 
using telerehabilitation platforms if appropriate, could be used to verify findings.  
The apparently extensive provision of highly individualised MSCs, incorporating custom-
manufactured MSCs seats and frame modifications, requires further investigation. The prevalence 
of this phenomena should first be established with larger samples of adults with SCI recruited from 
all Australian states and territories. Studies are also needed to explore the range of variation across 
these individualised MSC designs, and to determine if current performance testing standards such as 
AS/NZS 3973:2009 Shower/toilet chairs (mobile and static) (Standards Australia / Standards New 
Zealand, 2009) adequately address these variations. Comparative studies of usability between 
MSCs submitted for performance testing, and those developed through individualised service 
delivery processes, should also be considered. Again, the eMAST 1.0 offers a validated means to 
gather MSC-specific usability data for this purpose. 
Questions around the applicability of existing AT service delivery models to MSCs in 
Australian settings, and inconsistencies in service provision for MSCs specifically, require urgent 
research attention. Accurate models of service delivery are crucial for policy development, service 
planning, and for development of CPGs to guide practice. Future work should therefore investigate 
the experiences of all stakeholders involved with MSC service delivery, including those with less 
expertise in AT provision and SCI rehabilitation than was reported here. Differences in service 
delivery processes across government, non-government, and private AT providers should also be 
explored. Mapping service delivery is particularly timely given the rollout of the National Disability 
Insurance Scheme (NDIS), and its potential to impact on funding of services for adults with SCI 
(Callaway et al., 2015). Three approaches that may prove useful for exploring service delivery are 
process mapping (for example of patient journeys) (Santos et al., 2013; Trebble, Hansi, Hydes, 
Smith, & Baker, 2010), time and motion studies of activities undertaken by different stakeholders 
(Sprigle & De l'aune, 2013; Sprigle, Lenker, & Searcy, 2012), and qualitative studies with MSC 
users and caregivers (Lenker et al., 2013; Mortenson et al., 2012; Mortenson & Miller, 2008). Such 
studies have potential to inform policy development during crucial initial phases of the NDIS 
rollout (Callaway et al., 2015; Layton et al., 2015).  
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The primary original contribution of this thesis was the development and validation of the 
eMAST 1.0 as an instrument to measure MSC usability. Stage 5 of the development methodology, 
reported in Chapter 5, included the reporting of both the psychometric and administrative properties 
of the questionnaire (Friesen, Russell, et al., 2015). The psychometric properties of the eMAST 1.0, 
established with a small sample of users, were reported in Chapter 7 (Friesen et al., 2016). 
However, establishing the questionnaire’s administrative properties, and developing guidelines for 
its administration, were outside the scope of this thesis. Such information is used by AT 
practitioners to evaluate and select assessment instruments for use in practice (Friederich et al., 
2010; Lenker et al., 2005; Portney & Watkins, 2009; Wessels, et al., 1996). Efforts to establish the 
administrative properties and guidelines should therefore be prioritised.  
Finally, research has identified at least three stages at which usability can be tested: during 
design and development (formative usability testing), during AT service delivery, and after short– 
or long–term AT use (summative usability testing). The study presented in Chapter 8 reported on a 
cross-sectional sample of Australian adults with SCI who used MSCs, and could be considered 
summative usability testing. It was beyond the scope of this thesis to investigate use of the eMAST 
1.0 during MSC design and development (i.e. formative design stage), or during an assessment, 
refinement, and specification processes (i.e. service delivery). “Usability-for-one” has been 
proposed as a new conceptual framework for exploring usability during this iterative refinement of 
AT devices (Friesen, Theodoros, et al., 2015b). Usability–for–one, also referred to as “U41”, builds 
on the concept of ergonomics–for–one in providing individualised assessments and solutions in 
collaboration with users (Berg Rice, 1998; Friesen, Theodoros, et al., 2015b; McQuistion, 1993, 
1998). Empirical evaluation of U41, as it relates to MSCs, may provide further insights into MSC 
use and usability for adults with SCI. 
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9.4 CONCLUSIONS 
This thesis explored the design, use, and usability of MSCs for adults with SCI. Overall, 
usability of MSCs for adults with SCI is complex, multi-factorial, highly individualised, and 
subjective. Testing usability requires assessment of both MSC features and MSC performance 
characteristics, across activities and environments of use, for the individual user. Development of 
the eMAST 1.0, in consultation with users and experts in SCI rehabilitation, ensured that key 
criteria and subjective components were identified and captured. A preliminary psychometric 
evaluation indicated the eMAST 1.0 is a valid and reliable questionnaire for testing MSC usability 
for adults with SCI. Findings from the cross-sectional study of Australian adults with SCI, using the 
eMAST 1.0, confirmed the complex and multi-factorial nature of MSC usability. While the 
questionnaire has provision for calculation of two subscales (MSC Features and MSC 
Performance), examining item-level ratings, along with qualitative comments, highlighted specific 
areas of MSC usability requiring targeted intervention. Item-level responses and qualitative 
components could facilitate discrimination and comparison between different MSC designs, and 
promote reflection when incompatibilities between features and performance criteria require 
compromises. Results on the eMAST 1.0 could also allow changes in usability to be identified and 
tracked over time. Broadly, usability results gathered using the eMAST 1.0 could inform further 
human factors, engineering, and clinical research into the design and performance of MSCs used by 
adults with SCI. Together, these approaches would do much to improve current understandings of 
the design, use, and usability of MSCs in this important area of SCI management.  
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Appendix B: Sample recruitment advertisements for experts in SCI 
rehabilitation (Chapters 4 & 6) 
 
LETTER TO GATEKEEPER ORGANISATIONS AND LISTSERV OWNERS 
<Name of listserv owner or manager> 
<name of organisation>  
<email / contact information>  
 
<date> 
 
Dear <name>, 
 
Re: Permission to post email on <name of listserv> to recruit participants for research project called 
“Development of a Mobile Shower Commode ASsessment Tool (MAST)” 
 
We are seeking permission to post an email on the <name of listserv> to recruit participants for this project.  
 
The project is a part of a larger PhD project being undertaken by Ms Emma Friesen at the University of 
Queensland School of Health and Rehabilitation Sciences, entitled “Using Telerehabilitation for the remote 
assessment of mobile shower commodes for adults with spinal cord injury”. The overall PhD project, 
including the development of the MAST, has been granted ethics approval by the University of Queensland 
Human Research Ethics Committee (UQ Ethics Committee Approval # 2010000826). We have attached a 
copy of the ethics application and the approval certificate. 
 
Through the <name of listserv> we are hoping to recruit expert clinicians with more than three years’ 
experience in assessing and prescribing mobile shower commodes for adults with SCI. The text of the email 
we hope to send to your mailing list is attached. The email sent to your mailing list will ask those interested 
in participating to contact Emma Friesen directly for a copy of the Participant Information Sheet and 
Participant Consent Form. The Participant Consent Form will be available for completion via Survey 
Monkey. 
 
If you have any questions about our proposed research, please contact me 
Email:  emma.friesen@uqconnect.edu.au 
Phone: ****** 
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Thank you for considering this proposal.  
 
Yours sincerely, 
 
Ms Emma Friesen – Student Investigator 
Dr Trevor Russell – PhD Supervisor.  Co-Director, Telerehabilitation Research Unit, University of 
Queensland 
Prof Deborah Theodoros – PhD Supervisor.  Co-Director, Telerehabilitation Research Unit, University of 
Queensland 
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TEXT OF RECRUITMENT EMAIL TO <NAME OF LISTSERV> 
Subject: Invitation to participate in a study on mobile shower commodes for adults with SCI 
 
Dear list member, 
 
We are writing to invite you to participate in a research study on mobile shower commodes (MSCs) for 
adults with spinal cord injury (SCI). The aim of this study is develop a clinical outcome measure called the 
Mobile shower commode ASsessment Tool (MAST). The MAST will be used by adults with SCI to set 
goals for MSC interventions. The MAST will consist of a number of questions and a self-scoring component.  
 
The research study is part of a larger PhD project on mobile shower commodes. The overall PhD project, 
including the development of the MAST, is being completed at the University of Queensland by Ms Emma 
Friesen, under the supervision of Dr Trevor Russell and Professor Deborah Theodoros. The project has been 
granted ethics approval by the University of Queensland Human Research Ethics Committee (UQ Ethics 
Committee Approval # 2010000826).  
 
We are seeking allied health clinicians with over three years of experience in assessing and prescribing 
MSCs for adults with SCI area. The study will involve an interview by either phone or internet lasting 
between 30 and 90 minutes and a follow up survey asking for your feedback on the first version of the 
MAST. 
 
If you are interested in participating in this study, please email or phone Emma Friesen for a copy of the 
Participant Information Sheet and Participant Consent Form.  
 
Contact details are: 
Email: emma.friesen@uqconnect.edu.au 
Phone: ******** 
 
Thank you for your interest. 
 
Kind regards, 
Ms Emma Friesen – Student Investigator 
 
Dr Trevor Russell – PhD Supervisor.  Co-Director, Telerehabilitation Research Unit, University of 
Queensland 
Prof Deborah Theodoros – PhD Supervisor.  Co-Director, Telerehabilitation Research Unit, University of 
Queensland  
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Appendix C: Sample recruitment advertisements for all potential participants 
(Chapter 4) 
 
LETTER TO GATEKEEPER ORGANISATIONS AND LISTSERV OWNERS 
<Name of listserv owner or manager> 
<name of organisation>  
<email / contact information>  
 
<date> 
 
Dear <name>, 
 
Re: Permission to post email on the <name of mailing list/listserv> to recruit participants for research project 
called “Development of a Mobile Shower Commode Assessment Screening Tool (MAST)” 
 
We are seeking permission to post an email on the ARATA mailing list to recruit participants for this project. 
The project is a part of a larger PhD project being undertaken by Ms Emma Friesen at the University of 
Queensland School of Health and Rehabilitation Sciences, entitled “Using Telerehabilitation for the remote 
assessment of Mobile Shower Commodes for adults with spinal cord injury”. The overall PhD project, 
including the development of the MAST, has been granted ethics approval by the University of Queensland 
Human Research Ethics Committee (UQ Ethics Committee Approval # 2010000826). We have attached a 
copy of the ethics application and the approval certificate. 
Through the ARATA mailing list we are hoping to recruit the following participants: 
• Expert clinicians with more than three years’ experience in assessing and prescribing 
mobile shower commodes for adults with SCI; 
• • Suppliers and manufacturers of mobile shower commodes; and 
• • Adults with SCI who use mobile shower commodes for showering and / or toileting. 
The text of the email we hope to send to your mailing list is attached. The email sent to your mailing list will 
ask those interested in participating to contact Emma Friesen directly for a copy of the Participant’s 
Information Sheet and Participant’s Consent Form. The Participant Consent Form will be available for 
completion via Survey Monkey. 
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If you have any questions about our proposed research, please contact me at 
emma.friesen@uqconnect.edu.au or by phone on ********. 
 
Thank you for considering this proposal.  
 
Yours sincerely, 
 
Ms Emma Friesen – Student Investigator 
Dr Trevor Russell – PhD Supervisor.  Co-Director, Telerehabilitation Research Unit, University of 
Queensland 
Prof Deborah Theodoros – PhD Supervisor.  Co-Director, Telerehabilitation Research Unit, University of 
Queensland 
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TEXT OF RECRUITMENT EMAIL TO <NAME OF LISTSERV> 
Subject: Invitation to participate in a study on mobile shower commodes for adults with SCI   
 
Dear list member,   
 
We are writing to invite you to participate in a research study on mobile shower commodes (MSCs) for 
adults with spinal cord injury (SCI). The aim of this study is develop a clinical outcome measure called the 
Mobile shower commode ASsessment Tool (MAST). The MAST will be used by adults with SCI to set 
goals for MSC interventions. The MAST will consist of a number of questions and a self-scoring component.    
 
The research study is part of a larger PhD project on mobile shower commodes. The overall PhD project, 
including the development of the MAST, is being completed at the University of Queensland by Ms Emma 
Friesen, under the supervision of Dr Trevor Russell and Professor Deborah Theodoros. The project has been 
granted ethics approval by the University of Queensland Human Research Ethics Committee (UQ Ethics 
Committee Approval # 2010000826).    
 
We are hoping to recruit the following participants for this research study:  
• Expert clinicians with more than three years’ experience in assessing and prescribing 
mobile shower commodes for adults with SCI; 
• • Suppliers and manufacturers of mobile shower commodes; and 
• • Adults with SCI who use mobile shower commodes for showering and / or toileting. 
The study will involve an interview by either phone or internet lasting between 30 and 90 minutes and a 
follow up survey asking for your feedback on the first version of the MAST.   
 
If you are interested in participating in this study, please email or phone Emma Friesen for a copy of the 
Participant Information Sheet and Participant Consent Form.  
 
Contact details are: 
Email: emma.friesen@uqconnect.edu.au 
Phone: ******** 
 
Thank you for your interest. 
 
Kind regards,    
 
Ms Emma Friesen – Student Investigator  
 
Dr Trevor Russell – PhD Supervisor.  Co-Director, Telerehabilitation Research Unit, University of 
Queensland  
 
Prof Deborah Theodoros – PhD Supervisor.  Co-Director, Telerehabilitation Research Unit, University of 
Queensland    
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Appendix D: Participant Information Sheet and Participant Consent Form for 
experts in SCI rehabilitation (Chapters 4 & 6) 
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PARTICIPANT INFORMATION SHEET 
Developing the Mobile shower commode ASsessment Tool (MAST) for 
adults with spinal cord injury 
Lay title: 
Developing the Mobile shower commode ASsessment Tool (MAST) for adults with spinal cord 
injury 
Investigators: 
Ms Emma Friesen 
PhD student, School of Health and Rehabilitation Sciences, The University of Queensland 
Dr Trevor Russell 
Senior Lecturer, School of Health and Rehabilitation Sciences, The University of Queensland 
Prof Deborah Theodoros 
Head of the Division of Speech Pathology, School of Health and Rehabilitation Sciences, The 
University of Queensland 
 
We are writing to invite you to participate in the development of the Mobile shower commode 
ASsessment Tool (MAST) for adults with Spinal Cord Injury (SCI).  
What is this study about? 
Mobile Shower Commodes (MSCs) are commonly prescribed for adults with spinal cord injury 
(SCI) to facilitate bowel care and showering. Research shows that many adults with SCI have 
concerns about the safety of their MSC, especially with respect to falls and the development of 
pressure ulcers. 
 
Although MSCs may be reviewed by a clinician such as an Occupational Therapist, to date no tools 
have been developed to assess whether the patient outcomes have been achieved. The aim of this 
study is to develop a new tool that measures the effectiveness of the MSC intervention.  
 
The aim of this study is develop an outcome measure called the Mobile shower commode 
ASsessment Tool (MAST). The MAST will be a client-centred outcomes measure for adults with 
SCI and carers. The MAST will consist of a number of questions and a self-scoring component.  
 
As MSCs for adults with SCI are a specialist area of equipment prescription, we are seeking the 
input of allied health professionals and MSC suppliers and manufacturers who: 
Developing the Mobile shower commode ASsessment Tool (MAST) for adults with 
spinal cord injury 
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• Have over three years of experience in assessing and prescribing MSCs for adults with SCI, 
and 
• Have used an outcome measure in clinical practice (example outcome measures include the 
Canadian Occupational Performance Measure (COPM), the Quebec User Evaluation of 
Satisfaction with Technology (QUEST), the Goal Attainment Scale (GAS), *** 
 
What do I have to do?  
The MAST will be developed by using a mixed methods approach. 
 
The first stage is to conduct semi-structured interview, by either telephone or internet video-
conference. During the interview, you will be asked questions about important clinical outcomes of 
a mobile shower commode prescription as well as the format of the outcome measures you would 
like to use.  
 
After assessing all interview data, we will develop the first version of the MAST and you to give 
thoughts and feedback on the content and format. This may be done electronically via an Internet-
based program Survey Monkey or else by telephone. 
 
You will need access to email and the internet in order to complete this study.  
How long will this take? 
The semi-structured interview will take between 30 and sixty minutes to complete. We may need to 
conduct a follow-up interview lasting approximately 30 minutes to clarify aspects of the MAST. 
 
After the semi-structured interviews are completed, we estimate it will take approximately 6 months 
to develop the MAST. We will then contact you again and ask you to review of the first version of 
the MAST. This will take approximately 30 minutes.  
What happens after that? 
After completing both the semi-structured interview and review of the MAST, there is nothing else 
you need to do. The next phase of the study will be to test the use of the MAST with adults with 
spinal cord injury. 
Additional Information 
Participation in this study is voluntary 
You have the right to withdraw without penalty from the study at any time, with or without stating a 
reason.  
Benefits 
We cannot and do not guarantee that you will receive any benefits from this study. No 
reimbursement will be provided for participating in this study.  
Developing the Mobile shower commode ASsessment Tool (MAST) for adults with 
spinal cord injury 
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Risk 
There is minimal risk involved in this study as the study will be conducted using either telephone or 
internet-based video conferencing. 
Confidentiality 
We will collect your name and email address so we can contact you for the interview. The interview 
will be recorded and transcribed. Your responses in the questionnaire will remain confidential at all 
times and will not be released to a third party. The result of this study will be published but your 
identity will never be released.  
 
Feedback on the study results can be provided by request with a tick in the associated box on the 
electronic consent form or with any written requests to the supervisor, Dr. Trevor Russell at the 
University of Queensland.   
 
This study has been approved by the Human Ethics Committees of The University of Queensland in 
accordance with the National Health and Medical Research Council’s guidelines.  
 
If you would like to discuss your participation in this study with project staff, please call Dr. Trevor 
Russell on 07 3346 9633.  
 
If you would like to speak to an officer of the University not involved in the study, you may contact 
the UQ Ethics officer on 07 3365 3924. 
 
You will be given a copy of this form to keep. Thank you for considering participating in this study. 
 
Ms Emma Friesen 
Student Investigator 
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**NOTE: This form will be an electronic form on Survey Monkey. ** 
 
PARTICIPANT CONSENT FORM 
 
Project title:  
Developing the Mobile shower commode ASsessment Tool (MAST) for adults with spinal cord 
injury 
Lay title: 
Developing the Mobile shower commode ASsessment Tool (MAST) for adults with spinal cord 
injury 
Investigators: 
Emma Friesen 
PhD student, School of Health and Rehabilitation Sciences, The University of Queensland 
Dr. Trevor Russell 
Senior Lecturer, School of Health and Rehabilitation Sciences, The University of Queensland 
Prof Deborah Theodoros 
Head of the Division of Speech Pathology, School of Health and Rehabilitation Sciences, The 
University of Queensland 
 
I ………………………......................................... (please enter your name) consent to take part in the 
above study.  
 
Please place a tick in the box to indicate your agreement to the following statements: 
 
 I have read the attached Information Sheet and understand, or have had explained to me, the 
nature and purpose of this study and how it affects me. Any questions I have, have been answered to 
my satisfaction. 
 
 I acknowledge that my involvement in the study may or may not be of benefit to me. 
 
 I understand that taking part in the study is voluntary and I am free to withdraw at any time I wish 
and that this decision will not affect my professional work. 
 
My email address is ____________________________________ (please enter your email address) 
 
 I understand that all the information gained in the study will be treated confidentially. 
 
Title of study: Development of the Mobile shower commode Assessment Screening Tool (MAST) 
for adults with spinal cord injury 
 
 
 
 I understand that I will be contacted via email to participate in subsequent rounds of the study and 
I am free to withdraw at any time I wish and that this decision will not affect my professional work. 
 
 
If you would like to receive feedback on the study results, please complete the following: 
 
 I would like to receive feedback on the study results. My contact details are: 
 
Phone number: _____________________________________ 
 
Email: ____________________________________________ 
 
 
By entering your email address and clicking ‘SUBMIT’ I understand that I am consenting to 
participate in this study. 
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Appendix E: Participant Information Sheet and Participant Consent Form for 
adults with SCI (Chapters 4 & 6) 
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PARTICIPANT INFORMATION SHEET 
Developing the Mobile shower commode ASsessment Tool (MAST) for 
adults with spinal cord injury 
Lay title: 
Developing the Mobile shower commode ASsessment Tool (MAST) for adults with spinal cord 
injury 
Investigators: 
Ms Emma Friesen 
PhD student, School of Health and Rehabilitation Sciences, The University of Queensland 
Dr Trevor Russell 
Senior Lecturer, School of Health and Rehabilitation Sciences, The University of Queensland 
Prof Deborah Theodoros 
Head of the Division of Speech Pathology, School of Health and Rehabilitation Sciences, The 
University of Queensland 
 
We are writing to invite you to participate in the development of the Mobile shower commode 
ASsessment Tool (MAST) for adults with Spinal Cord Injury (SCI).  
What is this study about? 
Mobile Shower Commodes (MSCs) are commonly prescribed for adults with spinal cord injury 
(SCI) to facilitate bowel care and showering. Research shows that many adults with SCI have 
concerns about the safety of their MSC, especially with respect to falls and the development of 
pressure ulcers. 
 
Although MSCs may be reviewed by a clinician such as an Occupational Therapist, to date no tools 
have been developed to assess whether the patient outcomes have been achieved. The aim of this 
study is to develop a new tool that measures the effectiveness of the MSC intervention.  
 
The aim of this study is develop an outcome measure called the Mobile shower commode 
ASsessment Tool (MAST). The MAST will be a client-centred outcomes measure for adults with 
SCI and carers. The MAST will consist of a number of questions and a self-scoring component.  
 
The MAST will be a client-centred outcome measure, and we need clients to tell us what issues are 
important to them for the MSC and how they would like them measured. The format and the 
content of the MAST will be based on your opinions. 
Developing the Mobile shower commode ASsessment Tool (MAST) for adults with 
spinal cord injury 
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We are looking for adults with spinal cord injuries who: 
• Are three or more years post-injury, and 
• Use a mobile shower commode for toileting and / or showering. 
 
What do I have to do?  
The MAST will be developed by using a mixed methods approach. 
 
The first stage is to conduct semi-structured interview, by either telephone or internet video-
conference. During the interview, you will be asked questions about your mobile shower commode 
and the things that are important when a clinician (such as an Occupational Therapist) reviews your 
MSC. We will also ask about the format of the questions that you would like to see. 
 
The interview will be recorded and transcribed. After assessing all interview data, we will develop 
the first version of the MAST and you to give thoughts and feedback on the content and format. 
This may be done electronically via an Internet-based program Survey Monkey or by telephone. 
 
You will need access to email and the internet in order to complete this study.  
How long will this take? 
The semi-structured interview will take between 30 and 60 minutes to complete. We may need to 
conduct a follow-up interview lasting approximately 30 minutes to clarify aspects of the MAST. 
 
After the semi-structured interviews are completed, we estimate it will take approximately 6 months 
to develop the MAST. We will then contact you again and ask you to review of the first version of 
the MAST. This will take between 30 and 60 minutes.  
What happens after that? 
After completing both the semi-structured interview and review of the MAST, there is nothing else 
you need to do. The next phase of the study will be to test the use of the MAST with adults with 
spinal cord injury. 
Additional Information 
Participation in this study is voluntary 
You have the right to withdraw without penalty from the study at any time, with or without stating a 
reason.  
Benefits 
We cannot and do not guarantee that you will receive any benefits from this study. No 
reimbursement will be provided for participating in this study.  
Risk 
There is minimal risk involved in this study as the study will be conducted using either telephone or 
internet-based video conferencing. 
Developing the Mobile shower commode ASsessment Tool (MAST) for adults with 
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Study 1b  Participant Information Sheet & Consent Form  Page 3 of 5 
Confidentiality 
We will collect your name and email address so we can contact you for the interview. The interview 
will be recorded and transcribed. Your responses in the questionnaire will remain confidential at all 
times and will not be released to a third party. The result of this study will be published but your 
identity will never be released.  
 
Feedback on the study results can be provided by request with a tick in the associated box on the 
electronic consent form or with any written requests to the supervisor, Dr. Trevor Russell at the 
University of Queensland.   
 
This study has been approved by the Human Ethics Committees of The University of Queensland in 
accordance with the National Health and Medical Research Council’s guidelines.  
 
If you would like to discuss your participation in this study with project staff, please call Dr. Trevor 
Russell on 07 3346 9633.  
 
If you would like to speak to an officer of the University not involved in the study, you may contact 
the UQ Ethics officer on 07 3365 3924. 
 
You will be given a copy of this form to keep. Thank you for considering participating in this study. 
 
Ms Emma Friesen 
Student Investigator 
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**NOTE: This form will be an electronic form on Survey Monkey. ** 
 
PARTICIPANT CONSENT FORM 
 
Project title:  
Developing the Mobile shower commode ASsessment Tool (MAST) for adults with spinal cord 
injury 
Lay title: 
Developing the Mobile shower commode ASsessment Tool (MAST) for adults with spinal cord 
injury 
Investigators: 
Emma Friesen 
PhD student, School of Health and Rehabilitation Sciences, The University of Queensland 
Dr. Trevor Russell 
Senior Lecturer, School of Health and Rehabilitation Sciences, The University of Queensland 
Prof Deborah Theodoros 
Head of the Division of Speech Pathology, School of Health and Rehabilitation Sciences, The 
University of Queensland 
 
I ………………………......................................... (please enter your name) consent to take part in the 
above study.  
 
Please place a tick in the box to indicate your agreement to the following statements: 
 
 I have read the attached Information Sheet and understand, or have had explained to me, the 
nature and purpose of this study and how it affects me. Any questions I have, have been answered to 
my satisfaction. 
 
 I acknowledge that my involvement in the study may or may not be of benefit to me. 
 
 I understand that taking part in the study is voluntary and I am free to withdraw at any time I wish 
and that this decision will not affect my treatment. 
 
My email address is ____________________________________ (please enter your email address) 
 
 I understand that all the information gained in the study will be treated confidentially. 
 
Title of study: Development of the Mobile shower commode Assessment Screening Tool (MAST) 
for adults with spinal cord injury 
 
 
 
 I understand that I will be contacted via email to participate in subsequent rounds of the study and 
I am free to withdraw at any time I wish and that this decision will not affect my treatment. 
 
 
If you would like to receive feedback on the study results, please complete the following: 
 
 I would like to receive feedback on the study results. My contact details are: 
 
Phone number: _____________________________________ 
 
Email: ____________________________________________ 
 
 
By entering your email address and clicking ‘SUBMIT’ I understand that I am consenting to 
participate in this study. 
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Appendix F:  Semi-structured interview guide for adults with SCI (Chapters 4 
& 6) 
1. Demographic data: 
1.1. Year of Injury: 
1.2. SCI Level, Asia level? 
1.3. Has this level changed? 
1.4. Any other major diagnoses? 
2. Looking after yourself – bathing and showering routine 
2.1. How often do use your mobile commode for showering / bathing?  
2.2. Do you need assistance in showering (paid or unpaid care?)? Hrs per week? Is it 
enough? 
2.3. How long does each shower take? How long does prep for showering take (e.g. 
transfers) 
2.4. What other assistive devices or equipment do you use for showering? How often do 
you use these devices? 
2.5. Where do you use your mobile commode for showering? Home, elsewhere? 
2.6. What modifications or alterations to the environment do you need so you can shower 
/ bathe? 
3. Looking after yourself – bowel care routine 
3.1. How often do you do bowel care (frequency, per week)?  How long does your 
typical bowel care routine take?  
3.2. Do you need assistance for bowel care (paid or unpaid care?)? Is it enough? 
3.3. What other assistive devices or equipment do you use for bowel care? How often do 
you use these devices? 
3.4. What modifications or alterations to the environment do you need so you can do 
bowel care?  
3.5. What aspects of your current bowel care routine are working for you? Are there 
things you are unable to do because of your bowel care routine? 
4. Questions about current mobile commode – prescription and provision 
4.1. Who was involved in recommending or prescribing the mobile commode? E.g. 
clinician. Why was this particular mobile commode recommended to you or prescribed for 
you?  
4.2. Can you describe the process? Trials of equipment? Any problems? 
4.3. How did the mobile commode perform in the beginning? Did you have any 
difficulties? How were these resolved? (changes to MSC? changes to environment? changes 
to use of device / training,) Did you have to learn any new skills? 
5. Questions about current mobile commode – current use 
5.1. How easy is your mobile commode to use? What makes it easy or difficult to use?  
5.2. What abilities and skills do you need to use it? 
5.3. Do the functions / features of your mobile commode help or hinder you in 
performing tasks? 
5.4. Does the mobile commode often need repair / technical support? What is your 
biggest concern with durability and maintenance? 
5.5. When you are using your mobile commode, do you feel comfortable? Does it cause 
any stress or pain? Do you get fatigued? 
5.6. Have you had any falls from you MSC? 
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5.7. Have you had autonomic dysreflexia when using your commode? Do you know what 
triggers it? 
5.8. Have you had any cuts or skin tears as a result of your mobile commode? Pressure 
ulcers? 
5.9. Have you ever had a pressure ulcer that you believe was caused by your mobile 
commode?  
5.10. Can you give details about your current mobile commode? 
 
FRAME SEAT 
Model or brand? Cut out—Front, Left side, Right side, 
None (closed) 
Size of seat Bite—Front, left side, right side, none 
Leg supports (Fixed? Swing away? 
Sliding (Otto bock)) 
Full seat (e.g. for colostomy) 
Arm supports (swing back, swing away, 
removable etc., safety)? Side? 
Colour of seat (e.g. maroon padded) 
Frame cut out or modification to allow 
hand access? 
Any other mods (e.g. Roho or gel 
overlay cover) 
Positioning belts, straps  
Any customisations?  
Approximate age? Approximate age? 
Was your current mobile commode 
frame prescribed for you by a therapist? 
Was your current MSC prescribed for 
you by a therapist? 
Has it been reviewed since then? Has it been reviewed since then? 
Do you know who to contact if you have 
a concern about your mobile commode? 
Do you know who to contact if you have 
a concern about your mobile commode 
seat? 
 
6. Your ideal MSC 
Thinking about an ideal mobile shower commode, please rate the importance of each of 
these things to you (ranked out of 5; 1 is not important, 5 is very important): 
 
1. Reliability of brakes 
2. Ease of rolling and turning 
3 Hand access to perianal area (genitals, anus) 
4 Ease of footrest removal 
5 Ease of brake activation 
6 Ease of armrest removal 
7 Weight of chair 
8 Seat back and cushioning 
9 Adjustability of back support height 
10 Adjustability of back support angle 
11 Addition of fitted bed pan underneath 
12 Addition of safety straps and belts 
13 Addition of postural supports (e.g. lateral support for trunk)  
 
7. Outcomes measures 
We are aiming to develop an outcome measure – that is a tool or a form to measure whether 
a mobile commode is working for you or not. It could be used to assess your current MSC, a 
trial MSC or a new MSC. We’re considering three different formats for it and would like 
your opinion on which format you would prefer. 
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7.1. Three proposed models: 
- Model 1: Set list of 20 items related to your mobile commode and you rate each 
one of them. (USAT) 
- Model 2: List of 20 or so items related to your mobile commode, and you pick the 
five that are most important to you and then rate each item. (QUEST / FEW) 
- Model 3: you specify 2–5 goals associated with your mobile commode that you 
could prioritise (WhOM) 
7.2. Two proposed methods of administering the tool 
- Admin 1: clinician asks you questions and records your responses (face to face, 
telephone or video conference) 
- Admin 2: Form that you can fill out on a computer without a therapist present, i.e. 
you could fill it out at home at a convenient time. 
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Appendix G: Semi-structured interview guide for experts in SCI rehabilitation 
(Chapters 4 & 6) 
 
1. Demographic data: 
1.1. Years of experience working in SCI rehabilitation 
1.2. Case load 
1.3. Inpatient, outpatient, community, outreach? 
 
2. Could you describe the process you go through to prescribe a commode? 
 
3. What Customisations do you do as part of the process? Frame? Seat? Aperture? 
 
4. What kind of seats do most people get? Customised, custom-made, off the shelf? 
 
5. How do you assess someone’s commode at home? 
 
6. What about other environments of use? E.g. hotels for travel? 
 
7. What’s your biggest concern with durability and maintenance of commodes? Seats? 
 
8. What skills or abilities do you think an adult with SCI needs to use their commode? 
 
9. When we looked at the literature, we found four major groups of activities that people do when 
they use their commode. The first is transferring, the second is propelling and manoeuvring, the 
third is showering and cleaning the body and the fourth is bowel care. Can you think of other things 
people do on their commodes? 
 
10. For each activity (transferring, propelling and manoeuvring, showering and cleaning the body, 
and bowel care): 
10.1 what other assistive devices or equipment might be used? 
10.2 Are there any features that make the activity easier or faster? 
 
11. Are you concerned about people falling from their commode? When? How do you manage that 
in the prescription? 
 
12. Do you have concerns about skin? Autonomic dysreflexia? 
 
13. Thinking about an ideal mobile shower commode, please rate the importance of each of these 
things to you (ranked out of 5; 1 is not important, 5 is very important): 
 
1. Reliability of brakes 
2. Ease of rolling and turning 
3 Hand access to perianal area (genitals, anus) 
4 Ease of footrest removal 
5 Ease of brake activation 
6 Ease of armrest removal 
7 Weight of chair 
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8 Seat back and cushioning 
9 Adjustability of back support height 
10 Adjustability of back support angle 
11 Addition of fitted bed pan underneath 
12 Addition of safety straps and belts 
13 Addition of postural supports (e.g. lateral support for trunk)  
 
 
14. Outcomes measures 
We are aiming to develop an outcome measure – that is a tool or a form to measure whether 
a mobile commode is working for you or not. It could be used to assess your current MSC, a 
trial MSC or a new MSC. We’re considering three different formats for it and would like 
your opinion on which format you would prefer. 
 
14.1. Three proposed models: 
- Model 1: Set list of 20 items related to your mobile commode and you rate each 
one of them. (USAT) 
- Model 2: List of 20 or so items related to your mobile commode, and you pick the 
five that are most important to you and then rate each item. (QUEST / FEW) 
- Model 3: you specify 2–5 goals associated with your mobile commode that you 
could prioritise (WhOM) 
14.2. Two proposed methods of administering the tool 
- Admin 1: clinician asks you questions and records your responses (face to face, 
telephone or video conference) 
- Admin 2: Form that you can fill out on a computer without a therapist present, i.e. 
you could fill it out at home at a convenient time. 
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Appendix H: electronic Mobile shower commode ASsessment Tool, Version 1.0 
(eMAST 1.0) (as published) 
 
 
electronic Mobile shower commode ASsessment Tool, Version 1.0 (eMAST 1.0).  
 
From “Development, construction, and content validation of a questionnaire to test mobile shower 
commode usability,” by E. L. Friesen, D. Theodoros, and T. G. Russell, Topics in Spinal Cord 
Injury Rehabilitation, 21(1), 2014, eAnnex, retrieved April 29, 2016 from http://goo.gl/eS0HfU  
Copyright 2014 by E. L. Friesen, D. Theodoros and T. G. Russell. Republished with permission 
conveyed through Copyright Clearance Center, Inc. 
 
 
© E. Friesen, D. Theodoros & T. Russell, 2014  Page 1 of 3 
 
electronic Mobile shower commode ASsessment Tool (eMAST) 1.0 
The eMAST is designed to measure the usability of your mobile shower commode. The eMAST contains 25 
questions in 3 sections.  
For each question, think about your Mobile Shower Commode and give an answer. If you are unsure about a 
question, choose '3'. If the question does not apply to you, choose 'not applicable'. 
 
Section 1 - Mobile Shower Commode FEATURES 
 
Think about the features on your Mobile Shower Commode. Please rate your satisfaction with each feature.  
If you are not sure, choose "Neither dissatisfied or satisfied".  
If the feature is not on your mobile shower commode, choose "Not applicable". 
MSC = Mobile Shower Commode 
  Very 
Dissatisfied 
Somewhat 
dissatisfied 
Neither 
dissatisfied or 
satisfied 
 
Somewhat 
satisfied 
Very 
satisfied 
 Not 
applicable 
1) 
 
Seat shape        
2) Seat cushioning 
 
       
3) Arm supports 
 
       
4) Lower leg / foot 
supports 
       
5) Back support  
 
      
6) Overall MSC 
weight 
       
7) Tilt in space 
 
       
8) Recline (angle 
between the seat 
and back support) 
       
9) Portability, 
foldability or 
packability 
       
10) Brakes  
 
      
 
Do you have any comments on the FEATURES of your Mobile Shower Commode? 
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Section 2 –Mobile Shower Commode PERFORMANCE 
 
Think about the performance of your Mobile Shower Commode at home over the past week.  
If you are not sure, choose "Neither disagree or agree" for the statement. 
If the statement does not apply to your Mobile Shower Commode, choose "Not applicable". 
MSC = Mobile Shower Commode 
 
  Strongly 
disagree 
Disagree Neither 
disagree nor 
agree 
 
Agree Strongly 
agree 
 Not 
applicable 
11 The MSC is a good height 
for transfers (e.g. to and 
from the bed). 
       
12 The MSC works with other 
equipment I use (e.g. slide 
board or hoist). 
       
13 The MSC is easy to propel 
and manoeuvre. 
       
14 The MSC fits through 
doorways at home. 
       
15 The MSC fits in the 
bathroom at home. 
 
 
      
16 The MSC fits properly over 
the toilet. 
       
17 The MSC and seat allow 
good access underneath 
for bowel care. 
       
18 The MSC allows me to 
reposition and shift my 
weight. 
       
19 The MSC feels stable to 
use. 
       
20 The MSC provides good 
support for my posture. 
 
 
      
21 The MSC is easy to clean 
and maintain 
       
 
 
Do you have any comments on the PERFORMANCE of your Mobile Shower Commode? 
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Section 3 - Final questions 
 
 
22. What are the most NEGATIVE aspects or features of your current Mobile Shower Commode?  
(List up to three) 
1. ___________________________________________________ 
2. ___________________________________________________ 
3. ___________________________________________________ 
 
 
23. What are the most POSITIVE aspects or features of your current Mobile Shower Commode?  
(List up to three) 
1. ___________________________________________________ 
2. ___________________________________________________ 
3. ___________________________________________________ 
 
 
24. What is the approximate age of your current Mobile Shower Commode FRAME (in years)?  
____________ 
 
 
25. What is the approximate age of your current Mobile Shower Commode SEAT (in years)?  
_____________ 
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Appendix I: Statement of approval to use the Content Validation Form 
  
  
220 
Appendix J: Final item bank of possible usability indicators (Chapter 6) 
 
MSC Features MSC Performance 
Seat shape Showering 
Seat cushioning Bowel care 
Access to genitals Propelling 
Back cushioning Transfers 
Back support Repositioning 
Lower leg supports Cleaning 
Foot supports Static stability 
Arm supports Dynamic stability 
Overall MSC weight Waterproof 
Folding frame Rust proof 
Tilt-in-space Portability / transportability 
Recline Compatibility with other AT 
Overall seat height Fit over toilet 
Height / clearance over toilet Fit through doorways 
Large rear wheels Reliability of brakes 
Castors Ease of rolling, turning, propelling 
Brakes Ease of activating brakes 
Armrests Easy to clean 
Postural supports Ease of move/remove armrests 
 Back height adjustable 
 Provides postural support 
 Height for transfers 
 Fit over shower 
 Underneath access 
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Appendix K: Sample recruitment advertisement for adults with SCI (Chapters 7 
& 8) 
 
LETTER TO GATEKEEPER ORGANISATIONS AND LISTSERV OWNERS 
<Name of listserv owner or manager> 
<name of organisation>  
<email / contact information>  
<date> 
 
Dear <name>, 
 
Re: Permission to post email on <listserv> to recruit participants for research project called “Development 
of a Mobile Shower Commode ASsessment Tool (MAST)” 
 
We are seeking permission to post an email on the ARATA mailing list to recruit participants for this project. 
The project is a part of a larger PhD project being undertaken by Ms Emma Friesen at the University of 
Queensland School of Health and Rehabilitation Sciences, entitled “Using Telerehabilitation for the remote 
assessment of Mobile Shower Commodes for adults with spinal cord injury”. The overall PhD project, 
including the development of the MAST, has been granted ethics approval by the University of Queensland 
Human Research Ethics Committee (UQ Ethics Committee Approval # 2010000826). We have attached a 
copy of the ethics application and the approval certificate. 
 
Through the ARATA mailing list we are hoping to recruit adults with SCI who use mobile shower 
commodes for showering and / or toileting 
The text of the email we hope to send to your mailing list is attached. The email sent to your mailing list will 
ask those interested in participating to contact Emma Friesen directly for a copy of the Participant 
Information Sheet and Participant Consent Form. The Participant Consent Form will be available for 
completion via Survey Monkey. 
 
If you have any questions about our proposed research, please contact me by email ( 
emma.friesen@uqconnect.edu.au ) or phone on *********. 
 
Thank you for considering this proposal.  
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Yours sincerely, 
 
Ms Emma Friesen – Student Investigator 
Dr Trevor Russell – PhD Supervisor.  Co-Director, Telerehabilitation Research Unit, University of 
Queensland 
 
Prof Deborah Theodoros – PhD Supervisor.  Co-Director, Telerehabilitation Research Unit, University of 
Queensland  
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TEXT OF RECRUITMENT EMAIL TO <NAME OF LISTSERV> 
Subject: Invitation to participate in a study on mobile shower commodes for adults with SCI 
 
Dear list member, 
 
We are writing to invite you to participate in a research study on mobile shower commodes (MSCs) for 
adults with spinal cord injury (SCI). The aim of this study is test a clinical outcome measure called the 
Mobile shower commode ASsessment Tool (MAST). The MAST is designed for adults with SCI to set goals 
for MSC interventions. The MAST consists of a number of questions and a self-scoring component.  
 
The research study is part of a larger PhD project on mobile shower commodes. The overall PhD project is 
being completed at the University of Queensland by Ms Emma Friesen, under the supervision of Dr Trevor 
Russell and Professor Deborah Theodoros. The project has been granted ethics approval by the University of 
Queensland Human Research Ethics Committee (UQ Ethics Committee Approval # 2010000826).  
 
We are hoping to recruit adults with SCI who use mobile shower commodes for showering and / or toileting. 
The study will involve completing the MAST by either phone or internet, and then repeating the MAST one 
week later. The MAST takes approximately 30 minutes to complete. 
 
If you are interested in participating in this study, please email or phone Emma Friesen for a copy of the 
Participant Information Sheet and Participant Consent Form. Contact details are: 
Email: emma.friesen@uqconnect.edu.au 
Phone: ********* 
 
Thank you for your interest. 
 
Kind regards, 
 
Ms Emma Friesen – Student Investigator 
Dr Trevor Russell – PhD Supervisor.  Co-Director, Telerehabilitation Research Unit, University of 
Queensland 
Prof Deborah Theodoros – PhD Supervisor.  Co-Director, Telerehabilitation Research Unit, University of 
Queensland 
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Appendix L: Flyer used for recruitment of adults with SCI (Chapters 7 & 8) 
 
Image of commode in vines, copyright 2010 by Dr N. Layton. Used with permission. 
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Appendix M: Participant Information Sheet and Participant Consent Form for 
adults with SCI (Chapters 7 & 8) 
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PARTICIPANT INFORMATION SHEET 
Testing the psychometric properties of the eMobile shower commode 
ASsessment Tool (eMAST) 
Lay title: 
Testing the electronic Mobile shower commode ASsessment Tool (eMAST) for adults with spinal 
cord injury 
Investigators: 
Ms Emma Friesen 
PhD student, School of Health and Rehabilitation Sciences, The University of Queensland 
A/Prof Trevor Russell 
Senior Lecturer, School of Health and Rehabilitation Sciences, The University of Queensland 
Prof Deborah Theodoros 
Head of the Division of Speech Pathology, School of Health and Rehabilitation Sciences, The 
University of Queensland 
 
 
We are writing to invite you to participate in a study to test the electronic Mobile shower commode 
ASsessment Tool (eMAST) for adults with Spinal Cord Injury (SCI).  
What is this study about? 
Mobile Shower Commodes (MSCs) are commonly prescribed for adults with spinal cord injury 
(SCI) to facilitate bowel care and showering. Research shows that many adults with SCI have 
concerns about the safety of their MSC, especially with respect to falls and the development of 
pressure ulcers. Although MSCs may be reviewed by a clinician such as an Occupational Therapist, 
we need to assess whether the MSC is usable.  
 
We have developed a new questionnaire called the electronic Mobile shower commode ASessment 
Tool which assesses the usability of your MSC. 
What do I have to do?  
You will be asked to complete questionnaires at two different times, one week apart. You may be 
asked to complete these online, or during a telephone interview with one of the research team.  
 
Development of the Mobile shower commode Assessment Screening Tool (MAST) for 
adults with spinal cord injury 
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At Time 1, you will be asked to complete the following questionnaires:  
 eMAST - ***1 questions 
 Quebec User Evaluation of Satisfaction with Assistive Technology 2.0 (QUEST 
2.0) (Demers, 2002) - 12 questions; 
 Psychosocial Impact of Assistive Devices (PIADS) (Jutai, 2007) – 26 questions; 
 A standardised usability testing questionnaire for consumer products and Class 1 
medical devices – 12 questions. 
At Time 2, you will be asked to complete the eMAST using the same method you used at T1. This 
time, if you give a low usability rating to an item on the questionnaire, we will ask you for some 
more information about it. 
 
All questions can be answered by you. At Time 1 you will be given a unique identification code to 
use when filling out the questionnaires. We will also ask you to use this code at Time 2 so that we 
can compare the results. 
How long will this take? 
We expect the questionnaires to take a maximum of 60 minutes to complete at Time 1, and 30 
minutes to complete at Time 2. 
What happens after that? 
After completing the questionnaires, there is nothing else you need to do.  
 
We will conduct a statistical analysis to determine if the eMAST measures what it says it will 
measure and whether it is reliable when administered by telephone and online. We will also analyse 
the usability of MSCs based on the results of the study. 
Additional Information 
Participation in this study is voluntary 
You have the right to withdraw without penalty from the study at any time, with or without stating a 
reason.  
Benefits 
We cannot and do not guarantee that you will receive any benefits from this study. No 
reimbursement will be provided for participating in this study.  
Risk 
There is minimal risk involved in this study as the questionnaire will be completed during a regular 
appointment with allied health staff. It will not affect your treatment or clinical service you receive. 
                                                
1 The MAST will be developed in Study 1a and 1b. The number of questions will be inserted once the MAST is 
developed. 
Development of the Mobile shower commode Assessment Screening Tool (MAST) for 
adults with spinal cord injury 
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Confidentiality 
All data collected in this study will be stored confidentially. Only members of the research team 
will have access to identified data including the unique ID codes. All data will be coded in a de-
identified manner and subsequently analysed and reported in such a way that responses will not be 
able to be linked to any individual. 
 
Feedback on the study results can be provided by request with a tick in the associated box on the 
consent form or with any written requests to the supervisor A/Prof Trevor Russell at the University 
of Queensland.   
 
This study has been approved by the Human Ethics Committees of The University of Queensland in 
accordance with the National Health and Medical Research Council’s guidelines.  
 
If you would like to discuss your participation in this study with project staff, please call A/Prof. 
Trevor Russell on 07 3346 9633.  
 
If you would like to speak to an officer of the University not involved in the study, you may contact 
the UQ Ethics officer on 07 3365 3924. 
 
You will be given a copy of this form to keep. We would like to thank you for considering 
participating in this study. 
 
 
 
Ms Emma Friesen 
Student Investigator 
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**NOTE: This form will be an electronic form on SurveyMonkey and/or Google Docs ** 
PARTICIPANT CONSENT FORM 
 
 
Project title:  
Testing the psychometric properties of the electronic Mobile shower commode ASsessment Tool 
(eMAST) 
Lay title: 
Testing the electronic Mobile shower commode ASsessment Tool (eMAST) for adults with spinal 
cord injury 
Investigators: 
Emma Friesen 
PhD student, School of Health and Rehabilitation Sciences, The University of Queensland 
A/Prof Trevor Russell 
Senior Lecturer, School of Health and Rehabilitation Sciences, The University of Queensland 
Prof Deborah Theodoros 
Head of the Division of Speech Pathology, School of Health and Rehabilitation Sciences, The 
University of Queensland 
 
 
I ………………………......................................... (please enter your name) consent to take part in the 
above study.  
 
 
Please place a tick in the box to indicate your agreement to the following statements: 
 
 I have read the attached Information Sheet and understand, or have had explained to me, the 
nature and purpose of this study and how it affects me. My questions have been answered to my 
satisfaction. 
 
 I acknowledge that my involvement in the study may or may not be of benefit to me. 
 
 I understand that taking part in the study is voluntary and I am free to withdraw at any time I wish 
and that this decision will not affect my treatment. 
 
 I understand that all the information gained in the study will be treated confidentially. 
Testing psychometric properties of the Mobile shower commode Assessment Tool 
(MAST) 
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 I understand that will need to complete questionnaires at two different times, approximately one 
week apart.  
 
 
Signed: ______________________________           Date: _________________________ 
  (Participant) 
 
 
Signed: _______________________________ Date: _________________________ 
  (Witness) 
 
 
Signed: _______________________________ Date: _________________________ 
  (Investigator) 
 
 
If you would like to receive feedback on the study results, please complete the following: 
 
 I would like to receive feedback on the study results. My contact details are: 
 
Phone number: _____________________________________ 
 
Email: ____________________________________________ 
 
Signed: ______________________________           Date: _________________________ 
  (Participant) 
 
 
